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PREFACE 


This book is designed to help fill the ever-growing need for better- 
trained personnel for maintaining, . repairing and using modern auto- 
mobiles. 

The high degree of technical accomplishment incorporated in the au- 
tomobile of today demands from those who service it not only skill but 
also a complete understanding of the scientific principles involved. Guess- 
work, hit-and-miss methods, and varied general experience can no longer,, 
compete with adjustments and replacements based on complete' under- 
standing, careful analyses and measurements made with precise instru- 
ments. 

The principles explained in this volume are drawn exclusively from 
current American practice, and emphasis, throughout, is laid on designs 
and constructions in current use. Attention is also given to relatively new 
design features which give promise of continued use in the vehicles in 
which they have been recently adopted. To facilitate application of the 
material to military vehicles, many chapters contain descriptions of the 
modifications made in commercial vehicles to adapt them to military uses. 
To avoid confusion, the authors touch only briefly such constructions as 
are no longer current and such designs as seem clearly on their way out of 
current practice. 

A section at the end of most of the chapters is devoted to a description 
of possible mechanical troubles, an explanation of their causes, and a brief 
outline of how they are commonly remedied. Thus the student is led di- 
rectly from constructions and theory toward such later contact as he may 
have with the actual use and maintenance of motor vehicles. 

No attempt is made to instruct the student in detailed repair processes. 
Before actually proceeding to the making of adjustments and repairs, 
he would be expected to refer to factory service manuals for the specific 
make of car to be worked on. Design changes today are too steady and too 
detailed to make practical the inclusion of such material in textbook form. 

This book can be largely self-teaching, as it assumes no previous tech- 
nical training. The illustrations have been selected with an eye to clarity, 
ease of comprehension, and dynamic interest. The questions at the end of 
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each chapter serve as a review of the material in the chapter and as a 
means of stressing especially important facts. The suggested projects can 
be used to supplement classroom discussion and to provide additional ma- 
terial for study and extra-curricular activity. 

The nine units of study are based on an analysis of many syllabi in 
automotive mechanics used in vocational and secondary schools. They 
contain all the material generally considered basic and in addition some 
optional topics, permitting the use of the book in courses aimed at differ- 
ent levels of ability and degrees of intensity. 

J. H. 

April, 1946. N. G. S. 

T. A. B. 
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UNIT ONE-THE MOTOR VEHICLE 


CHAPTER 1 

THE MOTOR VEHICLE 

History.— The dawn of automobile history dates back to 1 770 when a 
Frenchman named Nicholas Cugnot built what is generally agreed to have 
been the first road vehicle propelled by its own power. 

Development of the present-day automobile dates from about 1880 
when German and French efforts to develop an internal-combustion en- 
gine began to bear fruit. Gottlieb Daimler patented an internal-combus- 
don engine in Germany in 1885-1886 and a year later had it running in a 
vehicle. Benz in Germany built a tricycle propelled by an internal-com- 
bustion engine in 1885. 

Between 1890 and 1895, European development continued and Amer- 
ican designers became active. Before 1895, both Charles E. Duryea and 
Elwood J. Haynes had experimental automobiles running in this country 
—and in that year Panhard and Levassor in France evolved a car which, 
with minor exceptions, incorporated the chief features of the automobile 
as we know it today. Nearly fifty years ago, this early PanhaTd had the 
engine placed in the front of a chassis, hooked up to a sliding-gear trans- 
mission, and incorporated brake pedals, clutch and accelerator. 

It was 1900 before design improvements awakened the public to the 
fact that this new form of transportation was really practical for use. In 
the next six years, production and sale of these vehicles became a business. 

Many of the great names around which the world’s largest manufactur- 
ing industry was to be built in America had already begun to appear be- 
fore 1906. Packard, Oldsmobile, Overland, Ford, Cadillac, Buick, White, 
Autocar— all these names were on motor vehicles before 1905, as were 
scores of others like Pierce-Arrow, Locomobile, Maxwell, Franklin and 
Peerless which, in their time, were important in the technical as well as 
the commercial development of the motor vehicle. Even then were being 
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UNIT ONE-THE MOTOR VEHICLE 

planted the design ideas which succeeding generations of engineers have 
tested, refined, improved or discarded as changing demands brought new 
opportunities for motor vehicle use. 

Following this era, when the designer’s chief objective was to make his 
vehicle run, came the period in which development of mass production 
methods to permit lower prices played a dominant part. In 1908 Ford 
started off his Model T with an initial run of 20,000 vehicles, an output 
unheard of at that time. Ever since, the correlation of design with produc- 
tion efficiency has influenced the trend of modern vehicle construction 
and made possible the use of automobiles by Americans in all income 
groups. 

The early igao’s saw the beginning of a period of gradual evolution 
and refinement in automobile design. By that time it. was clear that the 
spark-ignition gasoline engine was to be the powerplant of the modern 
motor vehicle. Steam and electric rivals were clearly on their way out. 
The sliding-gear transmission had established itself as predominant. 
Water-cooled engines were almost universal. The poppet valve was used 
in almost every engine design. Engines were all positioned in the front of 
the chassis. 

Since the early ’20s, major improvements have been made in every car 
feature, but basic changes have occurred in only a few instances. The 
dominant idea in the designer's mind has been to develop a vehicle which 
will function at all times under all conditions and which will be increas- 
ingly comfortable to ride in and easy to operate. The life of tires has been 
increased many times; independent front wheel suspension has almost 
entirely replaced the rigid front axle on American cars; four-wheel brakes 
are universal and most of them are hydraulic; engine compression ratios 
have gone steadily upward, producing more power in an engine of given 
size; availability of new materials and new types of old materials have 
influenced the design of scores of individual vehicle parts— hundreds of 
other changes have been made. Through all of the changes in recent 
years, however, runs the theme of evolution rather than revolution; re- 
finement rather than reconstruction. 

The early cars consisted of a chassis in which was incorporated an 
engine to furnish power for movement. A place for the driver was pro- 
vided as a necessary after-thought. Sometimes he had little more than a 
box to sit on. Early improvements designed to make riding not merely 
possible, but pleasant as well, followed carriage-building patterns. Chassis 
were designed. Then designers schooled in the carriage-building tradition 
made bodies which were fitted to the chassis as best they might be. 
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Fig. 1.1-Flow of power from Engine to rear wheels in a modem 
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Gradually conditions changed. Chassis and engine reliability came to 
be normal expectancy and, in passenger cars, owner demands for greater 
riding comfort accelerated. 

In recent years, the old order has changed materially; in passenger car 
design it has almost been reversed. Passenger car chassis construction has 
been forced to shape itself to pre-designed bodies in more than a few in- 
stances, while even in the field of truck design body-chassis problems now 
get simultaneous consideration to a greater extent than ever before. Al- 
ready several designs eliminating the conventional frame and using the 
body itself as a stressed unit stands as a symbol of the general idea of the 
modern motor vehicle as an integrated unit. 

Out of this slowly shifting emphasis has grown the modem concept of 
the whole motor vehicle as a single unit in which simultaneous or closely- 
coordinated conception of chassis and body is axiomatic. There can be 
little doubt that, as time goes on, engineering organization as well as en- 
gineering thinking will accelerate its adaptation to the most efficient 
carrying out of this relatively new practice. 

Whatever tomorrow may bring, its innovations seem certain to have 
some roots in the past— some tie to current practice. That has been true of 
independent wheel suspension, fluid flywheels, free-wheeling, overdrives, 
four-wheel brakes and a majority of other of the newer features of today’s 
car. At one time or another the principle had been tried previously some- 
where, long before die refined unit found its place as part of commercial 
design. So with the most-discussed future possibilities. Cars had engines 
in the rear before they had them in the front. The diesel engine was in- 
vented only a few years after the spark-ignition engine. Automatic trans- 
missions will be new in design— not in principle. 

The whole history of automobile design emphasizes a knowledge of 
basic principles as the unifying link between the past, present and future. 

Design trends of recent years have provided the owner with cars that 
are easier to drive, more reliable and more comfortable. One result has 
been to turn more and more owners to professional repair men in case of 
even minor mechanical difficulties. The car owner of yesteryear of neces- 
sity knew something about repairing his vehicle. A large proportion of 
the more than 40,000,000 drivers in the United States today know very 
little; about 18^, are women. The greatly increased standards of comfort 
in operation, moreover, make them far more exacting than the owner of 
former years. The driver who once was happy to have his car run, now 
insists that acceleration be always up to par. The old timer was glad to 
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have an open body instead of a box to sit on. Today's driver objects to 
squeaks or rattles in the closed body which protects him from the ele- 
ments and accidents. 

The modern trends have created new opportunities for the profes- 
sional repair man and new requirements for the owner who still wishes to 
do his own repairs. Too, they have brought need for fresh knowledge for 
everyone who may be called upon to understand the workings of a motor 
vehicle as an occasional or subsidiary part of his business, military or 
social life. 


Operation.— -Most motor vehicles begin to perform their function 
when the driver turns on an ignition switch which releases electrical cur- 
rent from a battery. He then pushes or pulls a button which acuates an 
electrical starting motor which turns a flywheel connected to the engine 
crankshaft. See Fig. 1.1. 


Immediately, the 
driver steps on a pedal 
which controls the rate at 
which gasoline flows into 
a chamber called a car- 
buretor. There the gaso- 
line is mixed with air to 
form a mixture which 
will burn. This mixture 
is sucked into the engine 
cylinders, an electrical 
spark sets fire to it, the 
resulting explosions turn 
the crankshaft— and the 
engine is running. As the 
explosive process is re- 
peated over and over 
again, the crankshaft is 



turned continuously. 


Through a mechanism called a clutch, this crankshaft is then con- 


nected at the will of the driver to a set of gears (a transmission) which 
starts the transmission of the power from tire engine to its ultimate des- 


tination— the rear wheels. By means of a gearshift lever, the gears of the 
transmission can be shifted to suit driving conditions. See Fig. 1.1. 
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As the transmission gears change, they set in motion a propeller shaft 
to which they are connected by a universal joint. The rear end of the 
propeller shaft connects to another set of gears (bevel gears) through 
which the power from the propeller shaft is enabled to turn the corner 
into the rear axles which extend at right angles and thence to the wheels. 
(A third set of gears, called a differential, is arranged in the rear axle to 
permit one rear wheel to turn faster than the other when necessary, as 
when turning a corner.) See Fig. 1.3. 

The wheels, being connected directly to the rear axles, turn as the 
rear axle shafts turn— and the car is in motion. 

As this motor vehicle rolls along the road, it is directed by a steering 
gear which controls the direction in which the front wheels are pointed. 
The conflicting movements imparted to the rider by the forward move- 
ment of the car and the unevenness of the road surface are partially con- 
trolled by springs, front and rear; by shock absorbers which help to damp 
out sudden recoils in these springs; by padding and springs in the car 
seats themselves; by chassis cross members which decrease sidesway; and 
by the distribution of chassis and body weight as between front and rear 
wheels. A braking system is ready to stop the car or slow it down at the 
driver’s will. 

While there is a multitude of detailed variations in the means by 
which this whole process is accomplished, the foregoing describes briefly 
and generally how a motor vehicle works. 

Vehicle Assemblies.— The motor vehicle is usually divided into two 
general parts— body and chassis— for tire purpose of study and identifica- 
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Fig. 1.3— A Chassis 

(Chrysler Corporation) 

tion. The chassis includes all the parts essential to the operation of the 
motor vehicle. Fig. 1.3 shows a typical automobile chassis. Before the 
days of integrated design of body and chassis, many chassis were driven 
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from the automobile assembly plant to the body works. The bodies were 
then built around the chassis. 

The chassis is subdivided into the running gear and the powerplant. 
The running gear includes such items as the frame, steering system, sus- 
pension system, brakes, wheels, and tires. 

The powerplant is generally considered to include the engine assem- 
bly and the power transmission assembly. This latter assembly includes 
the clutch, transmission, propeller shaft, and final drive units, and is some- 
times called the power train. 

The electrical system is part of both chassis and body. As will be 
pointed out later in the unit under that heading, some circuits are essen- 
tial to engine operation, others to power transmission, and still others to 
lighting and the operation of protective devices and accessories. Acces- 
sories are usually defined as those parts not essential to the operation of 
the vehicle. 


QUESTIONS 

1. What names and dates are important in the early history of the auto- 
mobile? 

2. Name some well-known makes of vehicles that hacl their beginnings 
before 1910. 

3. List all the features or designs that became predominant in the develop- 
ment of the automobile. 

4. What is the theme that runs through all the changes in motor vehicles 
in recent years? 

15. Describe how methods of designing automobiles have changed since the 
early days. 

6. Explain why a chassis can be driven to a custom body plant. 

7. What are the major units that make up the chassis? 

8. Describe briefly how a motor vehicle works. 

g. Trace the flow of power from the engine to the rear wheels. 

10. Define motor vehicle accessories. 

SUGGESTED PROJECTS 

1. Chassis may be viewed at automobile showrooms, at body building 
plants and at automobile graveyards. 

2. Most science museums contain early motor vehicles on display. Their 
construction can be compared with that of a modem car. 
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CHAPTER 2 

FRAME, SUSPENSION AND STEERING SYSTEMS 

The parts of a motor vehicle not included in the development and 
transmission of power may be classified under the heading of the running 
system. This classification includes the frame; the suspension system made 
up of the springs, shock absorbers, stabilizers, shackles, radius rods, and so 
on; and the steering mechanism. Other parts of the running system, 
namely, brakes, wheels, and tires will be treated in the next chapter. 

Frame —The frame supports the powerplant, the body, and most of 
the power train. It, in turn, is supported by the suspension system which 
is held up by the wheels and their attachments. Hence it is clear that the 
frame is subjected to many fdrces in motor-vehicle service. A study of 
these forces will reveal some of the problems of frame construction. 
For the sake of simplicity tire frame will be considered as a single beam 
(Fig. 2.1). 


Front 


Rear 


< 8' » 

C 

A 

A 




750 

lb. 


2000 

lb. 

f 


Fig. 2.1— Forces acting on a frame 
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It will be assumed that the frame and all the parts resting on it weigh 
2000 lb. This weight can be represented as a single force of 2000 lb act- 
ing at the center of gravity of the total weight. The center of gravity of 
a body is the point about which all the parts exactly balance each other 
in weight. In other words, the body would act the same, if its total weight 
were concentrated at its center of gravity. It is sometimes called the bal- 
ancing point. Its location depends upon how the weight of the body is 
distributed. If the center of gravity of the body in Fig. 2.1 is located 3 ft 
from the front end of an 8-ft frame, it can be shown that the front sus- 
pension must push up with a force of 1250 lb and the rear suspension 
must exert an itpward force of 750 lb to balance the weight. This is 
known as a system of parallel forces acting on a body. The weight acts 
downward on the frame and the suspension acts upward. To prevent the 
frame from falling or rising, the upward forces must balance the down- 
ward forces. 

Hence A -f- B = 2000 lb 

To prevent the frame from rotating about either suspension, the turn- 
ing effect of the weight (moment) must be equal to the turning effect of 
one suspension. If we select B as a possible point of rotation, the moment 
of the weight is 10,000 lb-£t (2000 lb X 5 ft)- 'The opposite moment is 
furnished by the suspension force at A which is 8 A ft (A X 8 ft) . Equat- 
ing the two for balance, the result is 

8 A ft= 10,000 Ib-ft 
A— 1250 lb 

and since B= 2000 lb — A 
23 = 750 lb 

It is obvious that, if additional weight is added to the frame from time 
to time the downward force will be increased and perhaps the center of 
gravity will be shifted. This means that the frame and the suspension 
system must be designed to withstand varying forces applied at many 
points. 

The suspension system transmits additional forces to the frame which 
tend to twist or rotate it. These forces arise from the impacts of the 
wheels on rough pavement that are transmitted to the suspension system. 
Some of these impacts are absorbed by the suspension system and some 
are transmitted to the frame. 

Stability -The location of the center of gravity of a motor vehicle 
helps to determine its stability. If a plum line from the center of gravity of 
a car falls outside the base (Fig. 2.2 center), it is obvious that the weight 
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of the car will produce a moment which may be large enough to rotate it 
about one edge and to overturn it. The lower, the center of gravity and 
the wider the base, the greater is the angle that the car can be tilted before 
its center of gravity plumb line will fall outside the base (Fig. 3. a) and the 
car becomes unstable. 

Frame Construction.— The most important requirement of a frame is 
that it shall be stiff and strong enough to resist the severe twisting and 
bending forces to which it is subjected, particularly when the vehicle is 
traveling at high speed over a rough road. 



As shown in Fig. 2.3, the typical passenger-car frame employs mem- 
bers made from cold-rolled open-hearth steel or heat-treated alloy steel. 

Side members may be either of channel or box-shaped cross-section. 
Box-section members have unusually high twisting resistance or torsional 
strength. Connecting these side members are pressed-steel cross members 
and, on most frames, diagonal X-members. Although the X-members 
shown arc of channel cross-section, I-beam section cross members are fre- 
quently used to give added stiffness. Joints are made by riveting or weld- 
ing, some are reinforced by “gusset plates’’ as illustrated. The side 
members and X-members are built so that they are deeper at the center 
where the stresses are the greatest. The frame is narrow at the front to 
allow for a short turning radius of the front wheels, widening out at the 
rear to provide ample room in the body. It will be noted that the side 
members are curved upward at the rear forming the “kickup.” This con- 
struction is employed over the axles to lower the center of gravity of the 
car. The rear leaf springs connect each end of this curve (when leaf 
springs are used). The typical frame shown in Fig. 2.3 is designed for 
independent front-wheel suspension. Because cars with independent 
front-wheel suspensions have no front axles, their frames must be of 
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heavier construction, in the front than those that have rigid axles. Some 
frames for relatively light-weight cars have no diagonal X-members. 

Unit Frame and Body .-This construction (Fig. 2.4) is used on many 
European and a few American passenger, cars. As suggested by the name, 
it combines the frame and body into a single welded unit. Considerable 
stiffness is obtained by designing the side members on the principles of a 



Fig. 3.4— Unit frame and body construction 


bridge truss. The design is such in this construction that the body sheets 
relieve the metal framework of part of the stresses. This design results in 
some weight saving over the conventional separate frame and body con- 
struction. 

Springs.— The operation of a spring depends on a property of matter 
known as elasticity. Elastic bodies are those that return to their original 
shape after the distorting force has been removed. Hence elasticity is the 
tendency of deformed bodies to resume their former shape. 

A steel wire can be used to demonstrate elasticity. If a 100-lb weight 
is hung from it, the wire will stretch a certain amount. A 200-lb weight 
will cause a change in length that is twice as great as that produced by 
the 100-lb weight. The weights thus used when divided by the area of 
the wire are sometimes called stresses and the changes in length or de- 
formations are called strains. The constant relationship between stress 
and strain is known as Hooke’s Law. Elastic bodies obey Hooke’s Law 
up to a certain limit called the elastic limit. IE the elastic limit is ex- 
ceeded, the body will not return to its original shape when the stress is 
removed. Springs are usually designed to operate under stresses well 
within their elastic limits. 

The flexibility of a spring depends upon a property called "rate.” A 
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soft spring has a lower rate than a stiff or inflexible spring. The rate of a 
spring is defined as the weight in pounds required to deflect it 1 inch. 
Springs are also compared in frequency; springs that return quickly to 
their original shape or oscillate rapidly after being deflected are said to 
have a higher frequency than those that return or oscillate slowly. In a 
leaf spring the stress is balanced not only by the strain in the spring ma- 
terial but also by the friction between the leaves. In this design the flexi- 
bility or rate and frequency of the spring can be altered by varying the 
amount of friction between the leaves. 

Types of Springs.— The automobile frame is attached to the rear axle 
and the front wheels or axle by springs which damp the road shock trans- 
mitted to the frame by the wheels as they travel over the road, thus pro- 
tecting the units supported directly by the frame. These springs are 
usually of laminated leaf type or the coil type. They can best be studied 
by examining the suspension system of the automobile where drey are 
used. The spring or suspension system of motor vehicles is divided into 
tire rear-end suspension and front-end suspension, each of which will be 
taken up separately. 



Fig. 3. 5— Rear-end suspension employing 
longitudinal leaf springs 

Rear-End Suspension.— Three types of rear-end suspensions are to be 
found on motor vehicles: (1) longitudinal leaf spring, (a) transverse leaf 
spring, and (3) coil spring. Of these, the longitudinal leaf-spring type, as 
shown in Fig, 3.5, is to be found on a majority of vehicles. 

Since this type of rear-end suspension generally is employed in con- 
junction with the Hotchkiss type of drive; the leaf springs must be made 
strong and resilient enough to transmit the driving thrust and torque 
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and to resist sidesway, in addition to supporting the "sprung weight of 
the body. Because the springs do not support the wheels, rims, tires, 
brakes, and rear axle, the weight of these parts is called the ‘unsprung 
weight." In order to improve the "ride” of motor vehicles, designers try 
to keep the unsprung weight to a minimum. 

Because the shape of this leaf spring approximates a half ellipse, it is 
classified as "semi-elliptic” to distinguish it from one-quarter elliptic, 
three-quarter elliptic, and full elliptic springs. The three last types are 
rarely used in passenger cars. Semi-elliptic springs comprise from 6 to 14 
leaves of special spring steel held together by a center bolt. The spring is 
clamped to the rear axle by spring clips while each end is pivoted to the 
frame, as shown in Fig. 2.5, by means of eyes formed in the ends of the 
longest or top leaf. One end is secured to the frame by a bolt, and the 
other end by a spring shackle as shown. The shackle provides a means for 
the spring to compensate for changes in its length, as the spring elongates 
in compression and shortens when it rebounds. Rebound clips are located 
at intermediate positions in the length of the spring, as shown. They are 
made tight enough to hold the leaves together when the spring rebounds; 
yet they are loose enough to permit tire leaves to slide one on the other. 

Usually the spring eyes through which the spring is attached to tire 
frame are provided with bushings of some antifriction material, such as 
bronze or rubber. 


FRAME 




BUSHINS 



SPRING 


Fig. 2.6— Tension-type leaf-spring shackle 


Spring Shackles.— These swinging supports that compensate for 
changes in the length of the spring also may be rubber or bronze-bushed; 
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other types are provided with ball bearings or hardened-steel bushings. 
The rubber bushings require no lubrication. Shackles also are classified 
as compression or tension types. That shown in Fig. 3.5 is the compres- 
sion type because it is stressed under compression. Fig. 2.6 shows how a 
tension-type shackle is mounted to place it under tension. 

The action of the spring leaves may be compared with a deck of cards. 
When held at the center and the ends are bent up, the cards slip on each 
other. When the pressure on the ends of the deck is released, the cards 
spring back to their original position. If a solid piece of cardboard of the 
same size as the deck were used, bending would cause it to buckle since 
its layers could not slip on each other. Therefore, the flexibility of a leaf 
spring depends upon the number of leaves composing it and, when the 
pressure is applied at its ends, the leaves slip on each other to conform to 
the changed radius of curvature. For this reason lubricant must be placed 
between the spring leaves. To control the characteristics of leaf springs 
more closely some manufacturers interpose ‘‘inserts’' of various materials 
between the leaves at the ends of certain leaves. Rubber, fabric, and lead 
are common materials used for these inserts. 

Weight is saved in some leaf springs by making the leaves of a special 
shape having parabolic edges on the under or “compression” side, instead 
of the conventional rectangular cross-section. This design relieves and 
minimizes the concentration of stresses in the leaves. 

Variable-Rate Springs. — Spring rate has been defined previously as 
the weight necessary to depress a spring one inch. Most leaf springs have 
a rate that is practically constant throughout their travel. When a car 
goes over a severe bump or is heavily loaded, a spring having a higher 
rate than is required for ordinary service on smooth roads is needed to 
cushion the shock properly. To provide a spring with a low rate for or- 
dinary service and a higher rate for heavy obstructions or loads, some cars 
are provided with “variable-rate springs.” These consist of a conventional 
spring below which is placed a small auxiliary spring with several leaves. 
Because of the space between these two springs, the main conventional 
spring takes all the load for light loads and travel on smooth roads. But, 
as the upper spring is compressed under load, it is forced gradually into 
contact with the lower auxiliary spring. Thus, the auxiliary or helper 
spring strengthens the upper spring more and more as the upper spring 
is compressed. This arrangement provides a practically constant fre- 
quency of the spring throughout its operating range, which is desirable 
for passenger comfort. See Figs. a. 11 and 2.12, page 20. 
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Transverse Leaf Springs.— Instead of two longitudinal springs, as 
just described, some passenger cars use a single transverse spring in their 
rear-end suspension. Such springs are mounted in "inverted position 
parallel to and above the real axle. Each end is shackled to the axle, and 
the frame is attached to the higher ceiuer position. Since transverse rear 
springs are always used in combination, with torque-tube drives, they are 
not called upon to carry the driving thrust and torque. 



Coil-Spring Reqr-End Suspension. — Fig. 2.7 shows this type of susr 
pension. The coil springs are seated in pan-shaped brackets attached to 
the rear axle, and are compressed against similar brackets incorporated 
into the frame. Like rear-end suspensions using transverse leaf springs, 
this suspension is always used in conjunction with torque-tube drive; 
therefore, the coil springs are not subjected to driving thrust or twist. In 
addition, stabilizers and radius rods relieve the coil springs of practically 
all stresses except those acting in a vertical direction. The stabilizer, 
shown at the front of the axle in Fig. 2,7, prevents excessive roll or side- 
sway when the car is rounding curves. Stabilizers are frequently mounted 
in rubber bushings. The radius rod, shown at the rear of the axle in 
Fig. 2.7, keeps the rear axle and frame in lateral alignment. 

Shock Absorbers. — Springs that are soft enough to absorb road shocks 
on compression would react violently and result in uncomfortable tossing 
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and rolling of the car if some means were not provided to check their 
action. Shock absorbers are provided as part of the suspension system of 
motor cars for this purpose. The hydraulic type of shock absorber is used 
in a majority of passenger cars. They develop resistance to the spring 
action by forcing a fluid through check valves and small holes. Those 
which offer resistance both during compression and rebound of the springs 
are called double-acting shock absorbers, and those which resist only on 
rebound are known as single-acting shock absorbers. A number of designs 
are available to accommodate the various types of springs and suspensions, 
front and rear. Frequently the rear shock-absorber housing is mounted 
on the frame, and the shock-absorber arm is connected to the spring, axle, 
or front-suspension control arm. 

Front Suspension. — Passenger-car front suspensions are classified as 
(1) rigid axle suspension and (2) independent front wheel suspension. 
Since front wheel suspension is related closely to the steering system, many 
parts of the steering mechanism will be pointed out during the discussion 
of the front suspension. 

Rigid-Axle Front- Wheel Suspension. — Typical rigid front axles are 
shown in Fig. 2.8. Before die introduction of independent front-wheel 



suspension, this type of axle was used universally in connection with leaf- 
type front springs. Either two longitudinal leaf springs or one transverse 
spring are used with rigid front axles, usually in connection with shock 
absorbers. These assemblies are mounted similarly to rear leaf-spring 
suspensions. 

This type of axle is also known as a “dead" axle because it does not 
turn. A live axle will be described later under ‘‘Final Drives.” The front 


18 


UNIT TWO-RUNNING SYSTEM AND BODY 


wheel hub (Fig. a. 8) rotates on antifriction bearings on the steering spin 
die which is attached to the steering knuckle. To permit the wheels to 
be turned by the steering gear, the steering spindle and steering knuckle 
assembly is hinged as shown in Fig. 2.8 on the forked end of the axle. 
The pin that forms the pivot of this hinge is usually referred to as the 
“king pin.” The tie bar joins the two steering arms attached to the steer- 
ing knuckles. Its use will be explained later under “Steering." 

Independent Front-Wheel Suspension Using Coil Springs. — This 
type (Fig. 2.g) is used on a majority of passenger cars. This design permits 
either front wheel to react to changes in the road-surface level without 
appreciably affecting the opposite wheel. 


UPPER CONTROL ARMS 



SPRINGS® AT.' 

Fig. 2 .g— Independent front-wheel suspension using coil springs 

The steering-knuckle support is pivoted at each end to the upper and 
lower control arms. The upper and lower control arms, in turn, are 
pivoted to the frame at their inner ends. Control arms are usually V- or 
wishbone-shaped when seen from above or below. As can be seen from 
the illustration, the lower control arm is longer than the upper one. The 
arrangement of the linkage is such that the point of road contact of the 
tire moves up and down in a straight line during all normal movement 
of the control arms. 

The two coil springs are supported at their lower ends in seats that 
are attached to the lower control arms, The upper ends of the springs 
are compressed against seats in the frame. A shock absorber usually is 
employed to control the reaction of each of tire coil springs. Front-end 
stabilizers are commonly employed to control the body roll and provide 
greater steering stability. 

Independent Front- Wheel Suspension Using a Leaf Spring. — This 
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type of suspension is similar in general construction to the coil-spring type 
just described except that a single transverse leaf spring replaces the lower 
control arms, eliminating the necessity for the coil springs, as shown in 
Fig. a. 10. This transverse spring is clamped securely to the under side of 
the frame at the center by means of U -bolts, and is pivoted to the steering- 
knuckle supports at each end as indicated in the illustration. Upper con- 
trol arms link the upper end of the steering-knuckle supports to the frame 
as in the coil-spring type of independent front suspension. The shock- 



absorber lever arms are also linked to the upper end of the steering 
knuckle supports, and the shock-absorber cylinders are mounted on the 
frame. 

Heavy Vehicle Suspension. — A heavy vehicle that is used for carry- 
ing varied loads needs a type of spring suspension that will increase in 
load rating as the load is increased. Auxiliary springs are sometimes used 
in conjunction with the main spring to accomplish this purpose (Fig. 
2.11). The auxiliary spring starts to support some of the load only when 
the main spring has been deflected a certain amount. After that the load 
rating of the suspension is the sum of the load ratings of both springs. 

Another type of variable load rating suspension is shown in Fig. z.12. 
The light-load position of the spring gives it a comparatively great length 
and hepce a low load rating. The heavy load position shows that its 
effective length has been decreased because tire points of contact have 
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-„^ved toward the inner edges of the bearing plates. This shorter length 
gives the spring a higher load rating. 

Bogie Axle Suspension.— Most six-wheel vehicles have a bogie rear 
axle suspension. This suspension (Fig. 2.13) consists of two axles that are 
joined by a single cross support called a trunnion axle. This tubular trun- 



AXLE 


Fig. 2.11— Auxiliary spring suspension 
(Army Manual TM10-560) 



Fig. a.i a— Suspension of spring for variable load rating 
(Army Manual TM10-560) 


nion is attached to the frame and acts as a pivot for the entire unit. The 
ends of the spring rest on the steel bearing plates of the two axle housings 
(Fig. 2.13). The spring is supported on the vehicle frame by means of a 
spring seat on the trunnion axle to which it is clamped by spring clips. 
The spring seat is mounted on a spindle on the end of the trunnion axle 
where tapered roller bearings take side thrusts and allow it to pivot easily. 
High load rating springs are used on this type of suspension because they 
must carry the entire weight of the rear end. 

Torque Rods. — Torque rods or torque arms are used to maintain cor- 
rect alignment of the axle with the frame. They also serve to remove 
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all stresses on the springs not caused by the weight of the vehicle. One 
end of a torque rod is rigidly fixed to the axle or axle housing, and the 
other end is attached to the frame by means of a pivoted mounting. 

TRUNNION AXLE SUPPORT* 



Fig. 8.13— Bogie Axle 
(Army Manual TM10-560) 

Sway Bars. — A sway bar or stabilizer is used to reduce tire tendency 
of a vehicle to roll or tip on either side— such as the tendency to roll out- 
ward when making a turn. This tendency has been increased materially 
in modern cars because of the use of softer springs and independent front- 
wheel suspensions. A sway bar consists of a bar of alloy steel with arms 
at each end connected to the independent suspension or axle. It is placed 
parallel to the cross-member and attached to the front or rear of the frame 
through bushings of rubber or similar material. If one side of a vehicle 
tries to rise faster than does the other side (attempts to roll), the resulting 
twist in the bar reacts on the axle or suspension and tends to keep the 
frame level. When both sides rise with equal speed, there is no reaction 
because no twist is set up in the bar. See Fig. 2.7, page 16. 

Steering Geometry.— To avoid excessive tire slippage when a motor 
vehicle makes a turn, each wheel must roll on an arc which has a common 
center with the arcs of the other wheels of the vehicle, as shown in Fig. 
2.14. With the arrangement used on horse-drawn vehicles involving a 
front axle pivoted in the center as shown at the left in Fig. 2.14, it is 
apparent that this requirement is satisfied easily. This type of steering 
is called fifth-wheel; it is used on tractor-trailer combinations as well as 
on horse-drawn vehicles. Because of difficulties of construction, this de- 
sign is not practicable for motor cars. To meet this requirement in the 
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construction used in motor vehicles, in which each front wheel moves 
about its own pivot (the king pin), it is necessary to have the inside wheel 
turn through a larger angle than does the outside wheel, as shown in Fig. 
2,14 at the right. This arrangement makes the two firont wheels toe out 
slightly when making a turn, and is known as tire Ackermann system. 

As a result, all steering linkages used in passenger cars are designed 
always to turn the inside wheel through a larger angle than the outside 
wheel when making a turn. Since these linkages cannot be made to main- 
tain angular values that are absolutely correct for all turning angles, they 



Fig. 2.14— Steering geometry of the horse-drawn 
vehicle (left) and the motor vehicle (right) 


are designed to give theoretically correct turning angles for the small 
turning angles in the straight-ahead range where the most driving is done 
and where speeds are generally higher. 

Steering System. — The function of the steering system is to convert 
the rotary movement of the steering wheel in the driver’s hands into 
angular turn of the front wheels which pivot on hinges formed by the 
steering knuckles, steering-knuckle supports, and the king pins. As ex- 
plained previously, the front wheels are carried on the spindles of the 
knuckles and run in tapered-roller or ball bearings. The steering system 
also must operate easily and must absorb a large part of the road shocks, 
thus preventing them from being transmitted to the driver. 

Fig. 2.15 shows a typical steering system assembly. When the driver 
turns the steering wheel in this system, the resulting motion is transmitted 
down a steering tube (which revolves inside the steering column) to a 
worm gear at the end of the steering tube. (See Fig. 2.16.) A two-toothed 
roller is meshed with the threads of the worm gear so that, as the steering 
wheel is turned, this roller moves in an arc around the roller shaft. The 
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roller is mounted on ball bearings as shown, or on some other type of 
antifriction bearing. The angle of the worm threads is made a little flatter 
at the center to give more accurate steering control when the wheels are 
in the straight-ahead range where most of the driving is done. This 
swinging motion of the roller is transmitted to the wheels through the 
pitman arm (which is keyed to the roller shaft), the drag link, the inter- 



mediate steering arm (which pivots in a frame bracket), the two tie rods, 
and the two steering arms, as shown in Fig. 8.15. This type of steering 
linkage is called “center” steering linkage, and the steering gear is the 
"worm-and-roller” type. 

When a turn is made, the following operations will take place: The 
steering gear and the worm gear are turned to the right or clockwise. The 
roller is forced upward causing the pitman arm to push forward on the 
intermediate steering arm, thus turning the wheels to the right. 

Types of Steering Gear. — The worm-and-roller steering gear just de- 
scribed (Fig. 2.16) is widely used on American passenger cars. Three 
other types, however, are in use, all of which employ the same principle 
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of transmitting the motion from the steering tube to the pitman arm: the 
"worm-and-sector” type, the “cam-and-double-lever” type, and the “worm- 
and-ball-bearing nut” type. Except that a gear sector is used instead of the 
roller shown in Fig. 2.16, the worm-and-sector type (Fig. 2.17) is virtually 
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of the same construction as the worm-and-roller type. In the cam-and- 
double-lever steering gear (Fig. a.18) a cam replaces the worm used in the 
two types just described. The cam is cylindrical in shape, its actuating 
part being a groove of variable pitch made narrower at the center than at 
the end. This design provides “non-reversibility” in the center part of 



Fig. 2 ,t 8— Cam-and-double-lever steering gear 


the cam where most of the car steering takes place. This feature 'will be 
explained later in this chapter. The twin levers are mounted on a cross 
shaft and are located so that they engage the cam from the side, as con- 
trasted with the underneath position of the sector or roller in the worm 
types. It is obvious that the worm-and-roller type has lower frictional 
losses than have the latter two types. 

The wonn-and-ball-bearing nut type is shown in Fig. a. 19. The nut 
is "threaded” to the worm by a train of ball bearings. When the steering 
gear is turned, the balls which reach the top or bottom of the nut, as the 
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Fig. a. 1 9— Worm-and-ball-bearing nut steering gear 


case may be, pass through a return tube to the other end of the unit, thus 
providing a continuous supply. This design also minimizes friction. 

Types of Steering Linkage. — Various types of steering linkage other 
than the center steering linkage just described are used in passenger cars. 

The so-called “conventional” type (Fig. a.ao) is commonly used in cars 
provided with rigid front axles. In this linkage the pitman arm is con- 



Fig. a.ao-Steering linkage commonly used with rigid front axle 
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nected directly by a connecting rod known as a "drag link” to an arm 
attached to the left-hand steering knuckle, and the motion is carried 
across from this arm to an arm on the right-hand steering knuckle by 
means of a tie rod. 

Other types used with independent front-wheel suspension are the 
"cross,” "relay,” and “fore-and-aft" linkages. 



Fig. 2.21— Cross type of steering linkage 


Fig. 2.21 shows the direct cross type in which the steering-gear pitman 
arm is connected directly to one tie rod which, in turn, is connected to 
another. The outer ends of these tie rods are connected to the steering 
arms. 



Fig. a. 2 a— Relay type of steering linkage 


In the "relay" type shown in Fig. 2.22, one end of a transverse steer- 
ing relay rod is connected to the pitman arm and the other end is con- 
nected to an idler arm. Tie rods connect the relay arm to the steering 
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arms so that die side-to-side motion imparted to the relay rod by the 
pitman arm turns the wheel as desired. j 

The principal distinguishing feature of the fore-and-aft linkage is 
that the drag link and pitman arm are mounted on the left side of the 
frame so that they are moved "fore and aft and the steering wheel is 
turned. 

Reversibility of Steering Gear. — A steering gear is defined as re- 
versible when it transfers road shock back through the steering wheel to 
the driver. Since reversibility is obviously an undesirable feature, pas- 
senger-car steering gears are made as nearly non-reversible as is commen- 
surate with the maintenance of other necessary operating characteristics. 

This is accomplished chiefly by the design of the worm or cam, and 
its meshing roller, lever, nut, or segment of the steering gear. When a 
worm gear is employed, it is generally considered non-reversible when 
the diread makes an angle of less than 6 deg with a line perpendicular 
to the axis of the worm. Angles slightly greater than this are thought of 
as semi-reversible. Because a strictly non-reversible steering gear would 
not tend to straighten out after negotiating a turn, and would not easily 
follow the course of a rutted road without undue stress on the mechanism, 
the intermediate or semi-reversible type of steering gears are used on 
most passenger cars. 

Steering Ratio. — The term steering or reduction ratio, as applied to 
a steering gear, refers to the number of turns on the steering wheel re- 
quired to produce one turn of the steering-gear shaft to which the pitman 
arm is attached. This ratio varies between 14:1 and 24:1 in passenger 
cars; it is generally low for small, light cars and increases as the cars grow 
larger. By varying the pitch of the worm or cam so that it is flatter at 
the center, many steering gears have a variable reduction ratio which is 
higher for the straight-ahead range and lower for the outer ranges. 

Turning Radius. — The radius of the circle on which the outside front 
wheel moves when the front wheels are turned to their extreme outer 
position is known as turning radius. This radius varies from 15 to over 
23 ft for passenger cars, and may be as high as 4.5 ft for buses or trucks. 
Since the maximum rotation of the steering knuckles is seldom more than 
35 deg from straight-ahead position, turning radius is usually proportional 
to the wheelbase of the car. 

Other Methods of Steering. — Four-wheel steering and air steering 
apply the methods of steering just described with variations. Four-wheel 
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steering systems use an intermediate steering gear arm to which the front 
and rear steering gear connecting rods are attached as shown in Fig. 2.23. 
This arm is moved by the motion of the steering gear arm (pitman arm) 


STEERING 



(Army Manual TMio-56g) 

linked to the intermediate steering-gear connecting rod. The rear wheels 
turn in a direction opposite to that of the front wheels. 

Air steering is used on very heavy vehicles where a large steering ratio 
is insufficient to overcome the resistance of the steering mechanism. In 
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this type of steering compressed air from the air-brake system is utilized 
through a system of pistons and valves to assist the driver in turning the 
steering gear. If the air pressure fails, the wheels can still be steered by 
physical effort alone. 


CENTER UNB 
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Wheel Alig nment. 1 — Front wheels usually are not mounted parallel 
with each other as might be supposed but, in most cases, deviate slightly 
to improve steering and operation. For example, the front wheels are 
often tilted outward at the top and inward at the bottom as shown in 
Fig. 2.24. This is called "camber." The front wheels also are usually 

drawn together slightly in front. This is 
called "toe-in." "Caster” is the backward 
tilt of the king pin at the top, as illus- 
trated in Fig. 2.25. Caster tends to make 
the wheels align themselves with the di- 
rection in which the car is moving. The 
principle is the same as that employed in 
furniture casters. 

“King-pin inclination” is the inward 
tilt of the king pins at the top. This de- 
sign is used to reduce steering effort. In 
theory, the king pin is inclined so that 
a line through the center of the king pin 
extended downward intersects with the 
FRONT OF CAR t ^ re at * ts P°^ nt contact with the road. 

(Fig. 2.24.) 

Fig. 2.25— Caster angle 



Wheel Balance. — Proper balance of 
the front wheels is an important factor in maintaining good steering. An 
unbalanced front wheel assembly may produce tramp or high-speed 
shimmy. Unbalanced rear wheels set up vibrations which affect the front 
suspension system. These conditions also cause uneven tire wear. Many 
tires are provide with balance marks to show where the tube outlet should 
be placed for good wheel and tire balance. An unbalanced assembly may 
be balanced by tire addition of small weights on the rim of the wheel. 
The location of these weights can be determined by a special wheel-bal- 
ancing machine. 


Military Vehicles. — The frame and body of the average passenger 
car and commercial truck usually extend too far beyond the rear axle to 
meet the requirements of military service. Sometimes, also, the overhang 
at the front axle is too great. In order that military trucks may cross 
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ditches, climb and descend steep slopes, and traverse uneven terrain with- 
out interference, the length of these extensions frequently must be re- 
duced. Short rear overhang is especially essential for military vehicles 
that are used as tow trucks, in order to avoid imbedding the towing con- 
nection in the ground when negotiating steep slopes. In most cases this 
modification necessitates only minor changes, such as reducing the frame 
length by cutting off the extended rear ends of the frame side rails. 

To assist certain types of military combat vehicles, rollers are pro- 
vided on the front end to help lift them out of ditches. 

Military- Vehicle Springs. — Being designed for roads and for comfort, 
springs for passenger vehicles and light commercial trucks are usually 
too “soft” and flexible (that is, their “rate” is too low) for the ardors of 
military service. Frequently this condition necessitates that the springs 
be replaced by heavier, stiffer semi-elliptic units. In some cases the neces- 
sary strength and stiffness can be provided by adding leaves. The con- 
ventional independent front-wheel suspension employing coil springs 
used in passenger cars is replaced by longitudinal leaf springs when these 
units are converted to military service. There are two reasons for this 
change: (1) the coil springs are too flexible and (z) independent front- 
wheel suspension is not adapted to the Hotchkiss type of front-wheel drive 
used in military trucks. Double-acting hydraulic shock absorbers are 
generally used in conjunction with the leaf springs used in these trucks. 

Military Vehicle Axle-Clearance. — Military trucks must have a 
greater clearance between the ground and axles than have any passenger 
vehicles and most commercial trucks. Unless this clearance is adequate, 
the military vehicles are likely to be damaged and stalled by the stumps, 
stones, high road centers, deep wheel ruts, and so on, encountered in 
cross-country travel. Usually the clearance is increased sufficiently by the 
use of tires of larger diameter than those employed in the conventional 
vehicles. If this change does not raise the axle clear an ce sufficiently, modi- 
fications in springs, frames, or other chassis parts must be made to give 
the required result. 

Military Vehicle Frames. — Heavier frames frequently must be pro- 
vided for military vehicles than for passenger and commercial types to 
withstand the severe twisting to which they are subjected in this severe 
service. Consequently the frame side rails are often made deeper and, in 
some cases, special alloy steels are used. The 8 -in. frame side rail of one 
1 i/£-ton military design has 10% more sectional strength than has the 
side rail of the frame for ii/£-ton conventional trucks of the same make. 
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These frames usually are narrower than commercial types to provide 
clearance for chains and other traction devices. Also, they usually aie 
mounted higher to maintain adequate clearances over the front axle and 
under the transfer box. To provide a strong mounting for the tow hooks 
usually located at the front end of each side rail, and the pintle attached 
to the rear of the frame, the heavier frames are reinforced at these loca- 
tions. This reinforcement at the front of the frame also is designed to 
withstand winch operation. Often commercial designs of frame must be 
modified to reduce the axle overhang and to provide adequate axle clear- 
ance, as explained previously. Extra-heavy bumpers, usually steel chan- 
nels, are generally attached to the front and rear of these frames. 

Military Vehicle Steering. — To offset the greater steering forces en- 
countered with a front drive over the conventional axle arrangement, one 
design of 11^-ton military truck is provided with a recirculating-ball type 
steering gear with a steering ratio of 23.6:1 in combination with a 20-in. 
diameter steering wheel. Other designs use similar means. The steering 
problem becomes more acute with traction devices or chains on the front 
tires, particularly with dual wheels on the front axles. 

Front Wheel Suspension Lubrication. — In the independently sprung 
front wheel constructions common to most modern passenger cars, the 
tie rod usually is divided into two or three parts, all the ends of which 
commonly require lubrication. The intermediate steering arm in some 
designs requires lubrication, while in others it is packed with lubricant 
at the time of original assembly and needs no further attention. The 
inner ends of some upper control arms require lubrication, and partic- 
ular attention should be given to king-pin lubrication in practically all 
constructions. 

Some independent front wheel suspensions are provided with wicks 
and require a specific grade of oil or gear lubricant. 

Wheel Bearing Lubrication. — Front and rear wheel bearings are 
lubricated differently. 

To lubricate the front wheels, the wheel hubs usually arc removed 
and the bearings are repacked, either by hand or with suitable special 
equipment. 

Lubrication of rear wheel bearings is accomplished in a variety of 
ways, depending upon the construction of the particular unit. These 
constructions fall into four general categories: (1) those which are auto- 
matically lubricated from the differential; (2) those equipped with sealed 
ball bearings packed with lubricant at the time of assembly and requiring 
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no further attention; (3) those in which the bearings are lubricated by 
means of a compression grease cup or fitting at each end of the axle tube; 
and (4) those in which the bearings are lubricated by hand after removal 
from the car. 

Over-lubrication of rear wheel bearings should be avoided to prevent 
the lubricant from getting on the brakes. 

Spring Lubrication. — If springs are uncovered, they may be lubri- 
cated by spraying or painting with a penetrating oil. Such oil will work 
in between the leaves, provide lubrication and prevent squeaks. 

Covers for springs are provided on many cars to keep the lubricant 
in and to keep out water and dirt. When springs are thus enclosed, they 
are usually lubricated through a small hole located on the under side of 
the spring cover. Some covers, however, have a screw plug for insertion 
of the lubricant. 

Graphite grease is usually recommended for lubrication when springs 
are covered, but some car makers suggest a standard chassis lubricant 
and others a semi-fluid grease which does not contain graphite. 

Shock Absorber Lubrication. — Most shock absorbers on modern cars 
are of the hydraulic type. While several different designs are used, all 
operate on the same general principle of forcing fluid through a small 
hole. The requirements of the various constructions are quite different 
ancl fluids of different characteristics are used in each. 

Many shock absorbers must be removed from the car to permit refill- 
ing, and in many cases special tools are necessary. The actual process of 
refilling consists simply of filling the unit with the kind of fluid recom- 
mended by the manufacturer of the particular car. 

Different shock absorber fluids must not be mixed with one another. 
If they are, the mixture may thicken or separate, thus making the unit 
function in a thoroughly unsatisfactory manner. 

Servicing the Running System 

Frames. — Bent or sprung frames may be straightened accurately by 
using special equipment and hydraulic jacks made for the purpose. All 
car manufacturers give detailed information as to frame measurements. 
To do a good job of frame straightening, these specifications should be 
followed for alignment. The eye is not an accurate guide. Cracked or 
broken cross or side members, of course, should be replaced. 

Springs and Shackles. — Leaf and coil springs may sag after long 
service. Such sagging springs will affect the alignment of the front end. 
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in addition to providing a poor ride. They should be replaced when in 
this condition. Coil springs require no other service attention. 

Leaf springs must be lubricated periodically by forcing between the 
leaves a good spring oil or graphite (as recommended by the car manu- 
facturer). Metal spring covers, such as are standard equipment on some 
cars, retain the lubricant for long periods. 

Rebound clips must be kept tight since they help to keep the leaves 
from breaking as the car body goes up or rebounds after hitting a bump. 

Dry leaves, inoperative shock absorbers, and overloading also will 
break springs. A spring with a broken or cracked leaf should be replaced 
with a new one in order to protect the car and body against strain. 

Spring shackles should be removed and replaced with new shackles 
and bushings when worn out. Wear is indicated by play between the 
shackle and bolt. For replacing these parts, it is advisable to refer to the 
shop manual, as there are a number of types of shackles and bushings. 
All bushings except the rubber type should be lubricated at regular in- 
tervals. If not of the type in which grease is forced in through a nipple, 
it is necessary to remove the shackles and clean them thoroughly in gas- 
oline, to remove old grease and rust. 

Shock Absorbers. — Direct-acting or “telescopic” type shock absorbers 
must be removed from tire car and filled with shock-absorber fluid at 
regular intervals as recommended by the manufacturer, or when neces- 
sitated by their condition. The dirt should be cleaned away from around 
the filler plug before removing the plug. When filling the shock absorber 
with the fluid specified by the car manufacturer, a little air space should 
be left for expansion of the fluid. The plug should then be replaced and 
the car jounced as a test. If the shock absorber does not seem to work 
properly, the shock-absorber arm should be disconnected and worked up 
and down by hand. There should be a steady resistance in both dir ections 
if the shock absorber is a double-acting type. If there is free play, air 
may be trapped in the passages. In such a case more fluid should be added 
and the arm worked up and down until all the air pockets are gone, as 
indicated by steady resistance. 

To locate a leak in a shock absorber, it first should be filled with fluid 
and cleaned thoroughly. Then it should be run over a rough road, noting 
afterward any fluid that has leaked out on the cleaned housing of the 
shock absorber. 

If an operating valve inside the shock absorber is stuck open, the arm 
will move easily when the absorber is being tested. If one of the valves 
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is plugged shut, the arm will move much too hard. In either case, the 
shock absorber must be removed and taken apart for repair. 

The direct double-acting type of shock absorber also must be taken 
off the car to be refilled. Those not provided with filler plugs must be 
taken apart to fill. This job should not be attempted without following 
factory specifications closely and using the special tools recommended. 

Often noise results from loose shock-absorber arm-to-frame connec- 
tions. These joints should always be kept tight. 

Servicing Front-End Alignment, Steering Systems, and Brakes. — 
Perhaps the most important units of a car from a service viewpoint are 
the steering system and the brakes. This is particularly true from a safety 
point of view. It is especially important, therefore, to be accurate and 
careful when servicing these units as there are so many variables to con- 
sider. 

Steering and Front Ends. — The factors that affect steering are the 
steering gear, linkage and the front-end alignment. 

Steering gears generally have three adjustments: one for backlash 
between the gears, which usually is accomplished by turning an eccentric 
sleeve or washer; one for end play of the worm due to loose bearing ad- 
justments, which is controlled by an adjusting collar at the upper end 
of the worm, by shims, or by an adjusting screw and lock nut at the lower 
end of the worm; and one for end play of the cross shaft, which is con- 
trolled by an adjusting screw and lock nut, or by shims between the gear 
housing and cover plate. 

Adjustment for backlash should be made with the steering gear in the 
center position and with the drag link disconnected. Although most ad- 
justment specifications call for practically no free play, it is best to refer 
to the service manual of the car being repaired before adjusting for back- 
lash. 

If it is necessary to disassemble the steering-gear parts, they first should 
be washed thoroughly in gasoline; then the gears, bearings, and bushings 
should be inspected for wear, replacing them if necessary. The housing 
should be refilled with the specified lubricant. Before re-connecting the 
drag link, the steering wheel should be turned through a complete cycle. 
There should be no binding in this operation. Some manufacturers 
specify a maximum load required to turn the steering gear through the 
center position. It is measured by pulling on a scale attached to the bot- 
tom of .the steering-wheel rim. 

Camber, caster, toe-in, and king-pin inclination must all be within 
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the limits specified by the car manufacturer in order to have safe and 
easy steering. 

These adjustments are made, with various kinds of equipment to 
check the results, with the full weight of the car on the ground. Before 
checking these adjustments, the tire pressure should be brought to the 
specified value. At this time the wheel-bearing adjustment should be 
checked against specifications. The king pins and their bushings should 
be inspected for excess play, and the springs should be checked for breaks 
or sags. Incorrect toe-out on turns often is caused by bent steering arms. 
If the toe-out is not correct, the front tires will wear excessively when 
the car is turning corners, 

Following is a list of steering troubles and their causes: 

1. Hard steering 

Low or uneven tire pressure 

Lack of lubrication in the steering linkage or king-pin bushings 
Tight ball-and-socket joints 
Tight steering gears 

Steering arms or knuckles bent or Lwisted 
Improper caster, camber, toe-in, or king-pin inclination 
Steering-gear shaft or tubing bent 
King pins tight in their bushings 

a. Looseness in steering 

Front wheel bearings loose or worn 
Loose linkage 

King-pin bushings, bearings, or pins worn or loose 
Steering wheel loose on post 
Loose adjustments in steering gears 

3. Pulling to one side on using brakes 

Low or uneven tire pressure 

Brakes not properly adjusted, or worn or clirty lining 
Steering knuckle bent 
Improper caster 

4. Shimmy 

Wrong or unequal camber or caster 
Wrong toe-in 
Weak springs 
Uneven tire pressure 

Looseness in the steering mechanism due to wear or poor adjustment 
Faulty shock absorber, due to mal-adjuslment or lack of fluid 
Tires, wheels, or brake drums out of balance 
Loose spring U-bolts 

5. Wander (difficult to keep the car in a straight line, not shimmy) 

Low or uneven tire pressure 

Steering gears adjusted too tightly or loosely 

Worn steering gears 
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Wrong caster or camber 

Wrong toe-in 

Rear axle out of line 

Tight tie-rocl ends or ball-and-socket joinis 
Tight king pins in bushings 

6. Wheel tramp (up and down motion of front wheels— together or sepa- 
rately) 

Tires, wheels, or brake drums out of balance 
Shock absorbers improperly adjusted or dry 

When steering troubles are encountered, it is best to check over all 
the possibilities just mentioned, since there is a great overlap of causes. 

Too much stress cannot be placed on the importance of doing all 
front-end work accurately and carefully. 

The servicing of brakes will be discussed in the next chapter. 


QUESTIONS 

l. What is the function of the frame of a motor vehicle? 

а. Compute the forces on the suspension systems of an auLomobile whose 
frame is 10 ft long, weighs 2,500 lb, ancl has ils center of gravity 4 ft from the 
front suspension. 

3. Explain how the location of the center of gravity of a motor vehicle 
affects its stability. 

4. Define an elastic body. 

5. State Hooke's Law. 

б. Explain why it is important not to subject a spring to excessive stress. 

7. Describe the construction of a leaf spring with the aid of a diagram. 

8. What is the function of spring shackles? Explain the several types of 
construction that are commonly used. 

9. How are variable-rate springs constructed? 

10. Distinguish between longitudinal leaf spring suspensions and trans- 
verse leaf spring suspensions. 

11. Explain how coil springs are used in rear-end suspensions. 

12. Describe the function of a shock absorber. 

13. Why do some motor vehicles have "dead” front axles? 

14. Explain how a front wheel assembly can be turned without moving the 
front axle. 

15. What are the advantages of independent front wheel suspension? Ex- 
plain. 

16. How docs an independent front-wheel suspension using a coil spring 
differ from one using a leaf spring? 

1 7. Describe with the aid of diagrams some types of heavy vehicle sus- 
pension. 

18. Explain briefly how the motion of the sLeering wheel is transmitted 
by the steering system to the front wheels. 
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19. Describe with the aid of Fig. 2.16 how a worm-and-roller steering gear 
transmits the motion of the steering tube to the pitman arm. 

so. Using Fig. 2.20 explain the function of every labeled part. 

8i, All steering gear mechanisms are modifications of a worm drive. Find 
out what determines the gear ratio of worm drive. (See chapter 10 on “Prin- 
ciples of Gearing.") 

22. With the aid of a diagram explain the important features of front- 
wheel alignment. 

23. Explain how military vehicles differ from passenger and commercial 
vehicles in the construction of the frame, suspension systems, and steering sys- 
tems. 

24. Describe the lubrication of front wheel suspension, wheel bearings, 
springs and shock absorbers. 

25. Why is the servicing of front-end alignments, steering systems, and 
brakes so important? Explain, 


SUGGESTED PROJECTS 

1. Models of different types of frames may be constructed and then tested 
for their ability to withstand twisting action. 

2. Demonstrate Hooke’s Law using a coil spring and weights. 

3. Determine the elastic limit of several materials used for springs. 

4. Old shock absorbers can be obtained from a junked car. They can be 
opened and their mechanism examined, 

5. A visit to a service station where cars are raised on a stand for service 
will permit inspection of both suspension systems, as well as of the steering 
mechanism from the steering gear box to the spindles. 
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CHAPTER 3 

BRAKES, WHEELS, AND TIRES 

Brakes. — Brakes are used to stop a moving vehicle, to prevent it from 
moving, or to control its speed while in motion. How brakes perform 
this function is not so simple. All braking systems depend upon the force 
of friction to stop, to control, or to prevent motion. How the force of 
friction is applied determines the type of braking system. Friction is 
defined as the force which opposes the movement of one body in contact 
with another. All brake systems have at least two bodies in contact— one 
stationary and the other free to rotate. 



Fig. 2.26-Wagon wheel brake Fig. 2.27-External contracting brake 
(Army Manual TM10-5S5) (Army Manual TM 10-565) 


A simple wagon wheel brake will illustrate the fundamental brake 
principles (Fig. 2.26). The brake shoe is forced to contact the wheel rim 
by the action of the brake lever. The linkage between the brake lever 
and the shoe is used to multiply the force applied to the brake lever 
handle so that the force pushing the brake shoe will be increased. The 
force of friction between the brake shoe and the wheel rim depends upon 
the nature of both surfaces and the force applied to the brake shoe. This 
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force of friction serves to stop the wheel, to slow it down, or to prevent 
its rotation. 

In an automobile it is not feasible to apply a brake shoe against the 
wheel rim. Hence an auxiliary wheel called a brake drum is attached to 
the running wheel. The brake shoe is forced into contact with this drum, 
which is smaller than the wheel, in order to produce the braking' action. 

Fig. 2.27 shows such an arrangement. The brake shoe is almost the 
same size as the drum and fits around it. This type of shoe is called a 
brake band. The movement of the brake lever forces the band to tighten 
around the drum and thus enables friction to stop its motion, to slow it 
down, or to prevent it. The brake lining is a material attached to the 

brake band or shoe to increase friction 
and to prevent the excessive wear of 
metal-to-metal contact. The external- 
contracting brake just described is little 
used on wheel brakes today because of 
the difficulty of keeping dirt, water, and 
foreign matter from entering the space 
between drum and lining. 

Modern cars use internal-expanding 
brakes for stopping the wheels. Fig. 2.28 
shows the arrangement of the brake 
shoes in this type of brake. Usually two 
shoes are employed, another being added 
on the right-hand side. The cam forces 
each shoe against the drum when the 
brakes are applied (internal-expanding 
action). The shoes pivot about their 
fixed ends called anchor pins into con- 
tact with the brake drum and so rub the drum until it is forced to stop. 

To summarize, the use of brakes on motor vehicles serves two pur- 
poses: (1) To aid in controlling the speed of the vehicle and to stop it 
when and where desired; (2) To hold the vehicle in place without the 
presence of the operator after it actually has been brought to a complete- 
stop. 

To accomplish these purposes most motor vehicles have two inde- 
pendent brake systems— a service brake operated by a foot pedal and a 
parking or emergency brake operated by a hand lever. 

Classification.— Brakes are classified according to the method of apply- 
ing the stationary brake bands or brake shoes to the revolving brake 



Fig. 2.28— Internal-expanding 
brake showing one shoe 
(Army Manual TM 10-565) 
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drums as internal-expanding or external-contracting, as explained pre- 
viously. They also are classified as mechanical or hydraulic according to 
whether the braking force is transferred from the foot pedal or hand lever 
to the brake shoes by means of mechanical linkage or by hydraulic pres- 
sure. Wheel brakes also are distinguished by the number of wheels on a 
vehicle to which they are applied, as two-wheel brakes and four-wheel 
brakes. 

Mechanical Brakes have largely been replaced by hydraulic brakes 
in modern cars in the foot or service brake mechanism. Their principle 
of operation, however, is still used in hand emergency brake or parking 
brake operation. All types of brake linkage (hydraulic and mechanical) 



Fig. 2.29— Mechanical brake system with single cross shaft 
(Army Manual TM 10-565) 


serve two functions. The first is to transmit the force applied to the foot 
pedal or brake lever to the brake shoe. The other is to multiply the force 
on the brake shoe. The mechanical brake system transmits the force from 
pedal to shoe by means of rods or cables (see Fig. 8.29). In this system the 
pedal force is multiplied by a system of levers and wedges or cams. The 
levers are part of the transmitting mechanism, and the wedges force the 
shoes against the drums. 

Hydraulic Brakes.— In hydraulic brakes the pedal force is transmitted 
to the brake shoe by means of a confined liquid called a brake fluid. The 
force applied to the pedal is multiplied and applied to all brake shoes in 
the system by a system of force transmission that is based on Pascal’s 
Principle. The principle states: “Confined liquids transmit pressure with- 
out loss equally in all directions.” By confining the liquid between two 
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pistons in connected cylinders (see Fig. 8.30)1 it can be used to transmit 
pressure from the small piston to the large piston. 



Fig. 3.30— Principle of hydraulic 
brakes 

(Army Manual TM10-565) 


It can be shown that, if die large piston of Fig. 8.30 has four times 
the area of the small piston, it will receive four times the force that is ap- 
plied to the small piston. On the other hand, the large piston will travel 
only one-fourth the distance traveled by the small piston, as indicated in 
Fig. s. 30. The general principle can then be stated thus: 

Force on small piston _ Area o£ small piston _ Distance traveled by large piston 
Force on large piston Area o£ large piston Distance traveled by small piston 

In a hydraulic brake system the pedal force is applied to the small pis- 
ton. The large pistons are connected to the brake shoes (Fig. 2.31). The 



Fig- a.gi— Diagram of hydraulic brake system 
(Army Manual TM10-565) 
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small cylinder is called the master cylinder. The cylinders containing the 
lai'ge pistons are called the wheel cylinders since one is usually placed at 
each wheel. 

A typical braking system which combines four-wheel hydraulic service 
brakes with a two-wheel mechanical parking and emergency brake oper- 
ated by a hand lever, is shown in Fig. 2.32. 

The hydraulic braking system consists essentially of a master cylinder 
and plunger which is connected by tubing (usually copper) to hydraulic 
cylinders at each of the four wheels. The pistons of these cylinders move 
out to apply the pressure to the wheel brakes. The system is filled with 
liquid under light pressure when tire brakes are not in operation. This 
liquid is usually a mixture of glycerine and alcohol or castor oil and de- 
natured alcohol. Each wheel brake comprises a cylindrical brake drum 
which is mounted on the inner side of the wheel and revolves with it, 
and two brake shoes which are mounted inside the brake drums and do 
not rotate. The shoes are fitted with a heat and wear-resisting brake lin- 
ing on their outer surfaces. These non-rotating shoes are forced out 
against the inner surface of the revolving brake drum to slow down or 
stop its motion by the action of the hydraulic cylinders when the brakes 
are applied. 

The service brake pedal is linked to the master cylinder so that, when 
the driver depresses the pedal, the master-cylinder piston is forced into 
the cylinder, thus compressing the fluid in the cylinder and placing the 
entire hydraulic system under considerable pressure. This pressure is 
conducted instantaneously to the wheel cylinders on each of the four 
wheel brakes. The fluid pressure in the wheel cylinders forces their 
pistons outward. These pistons, in turn, force the brake shoes out against 
the brake drums. When the driver releases the brake pedal, the pressure 
in the hydraulic system immediately drops to its original low value. This 
pressure drop permits a return spring in the master piston to return this 
piston and the brake pedal to their original positions, and allows retract- 
ing springs on the wheel brakes and return springs in the cylinders to pull 
the brake shoes out of contact with the brake drums into their original 
positions. At the same time these retracting springs on the wheel brakes 
help the cylinder return springs to force the wheel pistons back to their 
original inward positions. This movement of the wheel pistons returns 
fluid to the master cylinder. The master cylinder is kept filled with liquid 
by a reservoir. 

An outstanding advantage of such hydraulic brake systems is that 
equal pressure is transmitted to the four brake cylinders at the same in- 
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stant. They also are usually more powerful than corresponding mechani- 
cal brake systems. 

Important parts of the hydraulic brake system will now be considered 
in more detail. 

Hydraulic Wheel Brakes.— The hydraulic internal-expanding wheel 
brake piovided on each of the four wheels of the braking system shown in 
Fig. 2.32, is detailed in Fig. 2.33. The brake shoes are secured to station- 



Fig- 2.33— Hydraulic wheel brake with double-acting piston and single 

anchor pin 


ary backing plates which, on rear wheels, are attached to the axle housing 
and, on front wheels, to the steering knuckle. Brake drums are thin cy- 
lindrical members, the outside ends of which are closed and the inside 
open to admit the brake shoes. In passenger cars, brake drums are made 
of cast iron, cast iron and steel, steel, chrome-nickel iron, composite, and 
"centrifuse” construction. The last construction consists of a cast-iron 
liner plus a steel back. In this design the steel supplies the strength and 
the cast-iron inner surface has a higher coefficient of friction and dissi- 
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pates heat more rapidly. Passenger-car brake drums are between 8 and 
15 in. in diameter. See Fig. 8.39, page 55. 

Wheel brakes usually contain two shoes — a primary shoe on the left 
and a secondary shoe on the right— as shown in Figs. 3.3a and 3.33, al- 
though some have three shoes. These shoes are semi-circular segments of 
steel with a lining of specially treated asbestos (or other heat and wear- 
resisting friction material) riveted to the outside or bearing surface. Some 
brake shoes have molded brake lining on both shoes, and others have 
woven brake lining on the primary shoe and molded brake lining on the 
secondary shoe. Passenger-car brake linings are from 1 14 to 8 ^4 in. wide 
and from % 2 to 13 / 32 in- thick. 

In the wheel brake shown in Fig. 3.33, a double-acting hydraulic cyl- 
inder and pistons force the two shoes into contact with the inner surface 
of the brake drum when the brakes are applied, thus slowing up or bring- 
ing to rest the rotation of the drum and wheel. Front wheel brake pistons 
of larger diameter than those on the rear are provided on many cars to 
take advantage of the greater braking ability of the front wheels, due to 
the weight shift to the front wheels during braking. The two shoes are 
linked together at the bottom and are attached to the stationary backing 
plate by the single anchor pin shown at the top. The joint between the 
brake shoes and anchor pin is of the sliding type designed to permit a 
slight sidewise movement of the brake shoes. 

All modem hydraulic wheel brakes have a "self-energizing” or “servo" 
feature in which the force of the rotating drum is utilized to increase the 
brake pressure. In Fig. 3.33, for example, when the vehicle is traveling 
forward, the drum is rotating in a counter-clockwise direction. When the 
brakes are applied, the primary shoe at the left, because of the friction of 
the rotating drum, tends to move in the direction of the drum’s rotation. 
Since the primary shoe is linked to the secondary shoe at the bottom as 
shown in Fig. 2.33, the secondary shoe is forced around against the anchor 
pin at the top. The result of this wrapping action is that both shoes are 
forced into tighter contact with the drum and the braking pressure is 
more uniformly applied. When the brakes are applied while the car is in 
reverse, the secondary shoe tends to move in a clockwise direction against 
the primary shoe, forcing the latter against the anchor pin. 

The action of the brake-shoe retracting springs and piston-return 
springs was explained earlier in this chapter. The adjusting screw shown 
at the bottom in Fig. 3.33 is used to adjust the brake shoes for lining wear. 

In addition to the single-cylinder type of wheel brake with two op- 
posed pistons are other types which have a single cylinder with one piston 
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acting on one shoe, or two single-acting pistons, one at the top and one 
at the bottom, each acting on a different shoe. 

Hydraulic-Brake Master Cylinder. — Details of a typical hydraulic- 
brake master cylinder are shown in Fig. 2.34. A “compensating port" can 
be seen in the upper wall of the cylinder. This port opens directly to the 
reservoir. When the foot pedal is in the “off” position, liquid may flow 
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Fig. 8,34— Hydraulic-brake master cylinder 


from the reservoir through the relief port into the master cylinder, supply 
lines, and wheel cylinders to make up for any fluid that may be lost or to 
compensate for shrinkage cooling of the liquid. In addition, when the 
liquid expands because of heat, the excess passes back into the reservoir, 
thus preventing an undesirable pressure rise in the system. When the 
brake pedal is depressed and the master-cylinder piston moves forward to 
force liquid under pressure into the system, the compensating port is 
sealed out of the system. On release of the brake pedal, the piston spring 
forces the piston back, creating a vacuum in the cylinder, because the 
liquid in the line returns very slowly. This vacuum causes the piston cup 
to collapse and enables liquid to flow from the reservoir through the filler 
port and holes in the piston into the space between the piston and the 
valve leading to the line. This mechanism insures the presence of liquid 
at all times between the master piston and the wheel pistons. When the 
liquid in the line returns, the excess flows into the reservoir through the 
compensating port as already described. A specified amount of play is 
provided in the pedal-to-piston linkage to insure the complete return of 
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the piston to its stop, thus avoiding the possibility of blocking the com- 
pensating port in the release position. The boot covers the push rod and 
the end of the cylinder to keep it free of foreign matter. 

Wheel Cylinder -Fig, 2.35 shows a typical wheel cylinder. Its hous- 
ing is rigidly mounted on the brake shield or plate. The two pistons are 
moved in opposite directions by the pressure of the fluid when the brakes 
are applied. This motion is transmitted to the brake shoes to which they 
are attached and forces them against the brake drum. The piston cup 
fits tightly in the cylinder against each piston and seals the mechanism 
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Fig. a.35~-Secdonal view of wheel cylinder 
(Army Manual TM 10-5(15) 


against leakage of the brake fluid. The light spring serves to hold the 
pistons in the "off” position when the pressure is decreased. The boots 
protect the cylinders from entrance of foreign substances. Brake fluid 
enters the cylinder from a brake line connection between the opposed 
connections. 

Parking and Emergency Brake.— Mechanical brakes operated by a 
hand lever are generally used for the parking and emergency brake in 
passenger cars. These brakes usually act on the rear wheels (Fig. 2.32) 
but, in some cars, they are attached to the transmission or the propeller 
shaft. As shown in Fig, 2.32, the hand-brake lever usually is mounted in 
the driver’s compartment under the instrument panel at the left. When 
the brake is pulled on, the lever is locked in place by a ratchet. It is re- 
leased by squeezing the lever and control finger together. In one typical 
construction a pull rod runs from the hand-brake lever to an idler lever 
mounted on a frame cross member as shown in Fig. 2.36. When the hand 
brake is pulled toward the driver, the idler lever is pulled forward against 
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the action of the pull-back spring, pulling with it the two cables which 
engage the rear wheel brakes. The pull on the cables operates cams, tog- 
gles, double levers, strut rods, or other mechanical devices for pushing 
the brake shoes apart and into contact with the brake drums in the same 
manner as do the pistons in the hydraulic service brakes. The brake shoes 
and drums are the same as those used for the rear wheels in the hydraulic 
service-brake system. 



Fig. 2. 36— One linkage arrangement for mechanical parking or 
emergency brake 


The parking and emergency brake also may be located to act on the 
rear of the transmission or the forward end of the propeller shaft. These 
brakes may be either of the external-contracting drum type or a disc type. 
The disc type comprises a special steel disc with air-cooling passages be- 
tween its faces. Operation of the hand lever forces the brake shoes against 
the faces of the disc. Brakes on the propeller shaft are fast disappearing 
from American passenger cars. 

Air Brakes.— Since heavy buses and trucks require a heavier braking 
effort than can be furnished by the driver's foot pressure, compressed-air 
powered brakes are used widely for these heavy vehicles (Fig. 2.37). In- 
stead of foot pressure, in one design, these brakes are set by the pressure 
of compressed air acting against flexible diaphragms in brake chambers. 
These diaphragms are connected to the brake rods and controlled through 
a hand- or foot-operated valve. The brake rods connect to brake-operating 
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cams on the wheel brakes similar to those of the mechanical service-brake 
system already described. The brake valve controls brake operation by 
directing the flow of air from a reservoir against the diaphragms in the 
brake chambers during brake application, and from the brake chambers 
to the atmosphere during release. An air compressor furnishes compressed 
air to the reservoir whenever the air pressure in the reservoir falls below 
a set value. 


Brake 



Fig. 3.37— Diagram of typical air brake system 
(Army Manual TM 10-565) 


Power Units or Boosters.— These units are provided on some of the 
larger passenger cars and buses which require considerable braking power. 
They contribute about two-thirds of the braking effort, the remainder 
being furnished by the driver’s foot pressure. The vacuum type utilizes 
the power from the vacuum created in the intake manifold. When the 
brake pedal is depressed, a valve opens in the system, creating a suction in 
an operating cylinder which actuates a piston connected to the brake link- 
age. These vacuum power units or brake boosters can be installed on a 
vehicle without disturbing the original brake system. 
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Fig, a. 38 shows one type of booster brake attached to a hydraulic brake 
system. 

Hill-Holders. These units are auxiliary braking devices for use on 
hydraulic systems. The units automatically prevent the car from backing 
down on a grade (after it has been 
brought to a full stop by use of the 
service brake) as long as the clutch 
is disengaged. They consist essen- 
tially of a check in the fluid line 
just ahead of the master cylinder 
and maintain the pressure as long 
as the clutch is held out of engage- 
ment. With this device in the hy- 
draulic system the driver can re- 
move his foot from the brake and 
use it on the accelerator as the 
clutch is engaged. 



Fig. a. 38— Diagram of hydraulic brake 
valve used with atmospheric sus- 
pended system 
(Army Manual TM10-565) 


Electric Brakes.— The opera- 
tion of electric brakes is similar to other types except in the method of 
forcing the shoes against the drum. The electric brake uses an electro- 
magnet to operate the brake cam lever. This electro-magnet is controlled 
by a current that is made to vary according to the pressure on the brake 
pedal. This type of brake is used mostly on trailers because it requires 
only electric wires as connections between tractor and trailer. 


Military Truck Brakes— Light military trucks employ hydraulic 
brakes similar to those used in passenger cars and light commercial vehi- 
cles, whereas heavy six-wheel military trucks are provided with air brakes 
on all six wheels and emergency four-shoe parking brakes. 

An external-contracting emergency brake is assembled to the trans- 
mission of the -ton military trucks, and to the transfer case of the 114- 
ton military trucks produced by one maker. On another make of 1 i/^-ton 
truck, the handbrake is attached to the rear wheels in the same manner as 
in passenger cars. 


Brake Lubrication.— Lubrication of the flexible brake cables used on 
many modern cars is necessary only at intervals of 5,000 to 10,000 miles. 
These flexible conduits sometimes are provided with plugs or fit ting s to 
facilitate lubrication. Usually this is not the case, however, and at least 
partial disassembly or the use of special tools is necessitated. 
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Brake vacuum cylinders, which appear on some cars, have plungers 
and pistons which need periodic lubrication. Usually a light engine oil 
is injected through a plug at either or both ends o£ the cylinder. 

Brake Requirements.-Brakes act to convert the kinetic or speed 
energy of the car to heat energy by means of the brake contact surfaces. 
The braking power must be proportional to the weight and speed of the 
vehicle. This power depends upon the coefficient of friction between the 
frictional brake members, the pressure that forces them together, the total 
area of the contact surfaces, and the resistance of the tires to sliding or 
rolling on the road. The total braking area on American passenger cars 
varies between 53 and 263 sq in., depending to a large extent upon the 
size and weight of the vehicles. The force exerted on the brakes is directly 
proportional to the force exerted at the foot pedal or manual lever. In 
hydraulic service brakes, the force exerted at the foot pedal is multiplied 
approximately five times at the hydraulic wheel cylinders. 

Since, when the brakes are applied on a four-wheel braking system, 
there is a transfer of weight from the rear wheels to the front wheels, the 
system must be designed so that only a safe proportion of braking effort 
takes place on the front wheels. Otherwise, the front brakes may lock and 
interfere with steering. 

Brakes operate most efficiently when they are applied so that the 
wheels do not quite lock but continue to turn without slipping on the 
road. This is because more energy can be absorbed when the wheels are 
turning than when the brakes lock the wheels so that the tires slide on 
the road. In other words, the power absorbed by the friction of the brake 
drums and lining, the frictional losses of the power-transmission system, 
and the rolling friction of the tires, is greater than the sliding friction of 
the tires on the road. For this reason it is usually safer, especially when 
traveling on slippery highways, to use the deceleration of the engine, 
with or without brakes, rather than the brakes alone for slowing down a 
car. In addition, locked brakes cause excessive tire wear. 

Servicing Brakes.— Brake maintenance may be divided into two 
headings: 

1. Adjustment and repair of linings, shoes and drums. 

S. Adjustment and repair of the hydraulic system or the brake linkage 
between the foot pedal and the brake shoes. 

All the types of brake shoes and linings previously described have one 
main point in common-they must be properly adjusted and in good con- 
dition to be effective, 
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In many cases all that is needed is a minor brake adjustment, which 
simply means that the brake lining has worn a little and must be moved 
nearer to the drum by means of an adjusting screw, to obtain better brak- 
ing. To insure that all the brakes hold equally, jack up all four wheels 
and adjust each brake so that there is an equal drag on all four wheels 
when the brake pedal is held partially depressed. 

A major brake adjustment first involves removing the wheels and 
brake drums, then inspecting the lining for wear, and the drums for scores 
and out-of-roundness. If the drums must be turned down, factory specifi- 
cations should not be exceeded as removing too much metal will weaken 
the drum. If the linings are glazed, greasy, or worn flush with the rivets, 
they should be replaced. A major adjustment includes also inspection of 
the hydraulic system or the mechanical brake linkage. If necessary, the 
master cylinder and the wheel cylinders should be honed and new pistons 
and rubber cups installed. Some manufacturers advise replacing the cylin- 
ders with new ones instead of servicing them. The system should be 
cleaned thoroughly with alcohol, by “bleeding” the alcohol through the 
entire system. Alcohol will not damage the rubber cups as will other 
types of cleaning fluid. After re-assembling the hydraulic system parts, 
the linkage between the brake pedal and the master cylinder piston should 
be adjusted so that there is free play as specified by the manufacturer. 

This adjustment assures complete return of the piston when the brake 
is released, thereby uncovering the compensating port so that it may do 
its duty. Only the hydraulic brake fluid recommended by the manufac- 
turer should be used. After replacing and adjusting the brake shoes, the 
lines should be bled, one wheel at a time to remove air in the lines, with 
the bleeding tube immersed in a jar containing some brake fluid. The 
lines are bled enough when no more air bubbles are seen rising through 
the liquid deposited in the jar. Bleeding the lines insures that no air 
will be drawn back into the line on the return stroke of the pedal. The 
lines always should be bled widi the brake drums in place; otherwise the 
pressure of the liquid will push the pistons out of tire wheel cylinders. 

Special equipment is available to assist in relining the brake shoes, 
turning down the drums, bleeding the lines, adjusting the brake shoes to 
proper clearance between the linings and the drums, and testing the 
effectiveness of the completed job. 

Brake troubles can be classified as follows: 

1. Pedal strikes the floorboard 
Normal wear of lining 

Low level of the brake fluid in the master cylinder reservoir 
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Leak in the hydraulic system 
Air in the hydraulic system 
Brake shoes not properly adjusted 

2. Dragging brakes 

Incorrect fluid, which swells and rots the rubber piston cups 
Brake pedal has no free play. This condition possibly means that the 
master cylinder piston does not return all the way, thereby keeping 
the compensating port closed. 

Clogged compensating port. This condition does not allow the fluid 
to circulate through the reservoir, causing pressure to be built up 
in the lines which may be high enough to keep the brakes partly 
applied. 

3. One wheel drags 

Weak or broken brake-shoe return springs 
Insufficient brake clearance 
Loose front- wheel bearing adjustment 
Sticking piston cups or piston 
Clogged or kinked line 

4 - Car pulls to one side on application of the brakes 
Grease- or brake-fluid-soaked lining 
Loose wheel bearings 
Low tire pressure 
Loose backing plate 
Primary and secondary shoes reversed 

5. Springy pedal 

Air in the hydraulic lines 
Poor shoe adjustment 

6. Excessive pedal pressure required 

Poor shoe adjustment 
Improper lining 
Oil-soaked lining 

Partial lining contact, due to poor anchor-pin adjustment 

7. Brakes too sensitive 

Poor shoe adjustment 
Loose backing plate 
Grease on lining 
Scored drums 
Improper lining 

All of the foregoing troubles can be remedied either by a minor ad- 
justment, or by a partial or thorough going over. Manufacturers’ speci- 
fications always should be followed and new parts recommended by them 
should be used. 

When making a major adjustment on mechanical brakes, the li nk age 
between the brake pedal and the brake-shoe operating levers always • 
should be disconnected. All joints should be lubricated, the cross shaft 
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equalized, and the brake-rod clevises adjusted so that the brake rods just 
reach the shoe operating levers without any lost motion. This work 
should be checked with car specifications. 

Wheel Assembly.— The wheel is generally thought of as the assembly 
of the hub, disc, or spokes, rim, and tire. Wheels are important parts of 
the vehicle as they must support the weight of the car and help protect it 
from road shocks. In addition, the rear wheels must transmit the power, 
the front wheels must steer the car, and all must resist braking stresses 
and withstand side thrusts. Wheels must be perfectly balanced. For dis- 
cussion, the assembly is divided into wheels, rims, and tires. 

Wheels.— Three types of wheel are in use on passenger cars: steel disc, 
wire, and artillery. Of these the steel-disc type has come into the widest 


Wheel to Drum Bolt 



Fig. a-39 — ' Typical steel-disc type of rear wheel 


use. As shown in Fig. 2 . g g, it consists of a dished steel disc welded to or 
integral with the rim. (The rim is of drop-center type as will be explained 
later.) The disc is frequently dished to bring the point of ground contact 
under the large wheel bearing. The assembly is bolted to the brake drum, 
as shown, making the wheels "demountable.” This means that the entire 
wheel assembly is easily removable by removing the lug nuts that hold the 
wheel in place on the brake drum, after first taking off the hub cap. The 
hub cap is usually held in position by spring clips attached to the disc as 





56 UNIT TWO-RUNNING SYSTEM AND BODY 

shown in Fig. 2.39. The hub cap can be pried off with a screwdriver and 
forced back into place. It can be seen that the brake drum acts as the true 
hub for mounting the wheel on the spindle or rear axle. 

Wire wheels were used widely in the past, but today are found only on 
a few passenger cars and on motorcycles. They are light, resilient, and 
easy on tires. However, they are hard to clean. The modern type consists 
of a pressed-steel hub and rim connected by welded spokes. 

Artillery wheels use either wood or steel spokes for connecting the 
hub and the rim. These wheels also are demountable at the brake drums. 



Several types of spoke wheels are made of malleable or cast steel for 
use as truck wheels. The spokes are hollowed and are joined to foi'm a 
spider that fits over the wheel hub as shown in Fig. 2.40. 

Pressed steel felloes are fitted over the spokes to support the rim. 
Clamps are provided on the ends of the spokes as shown to fasten the rim 
to the spoke spider. 

Dual Wheels.— Many heavy trucks are equipped with dual wheels in 
the rear in order to use tires that are exchangeable with those used on 
the front wheels, and to eliminate the complication of larger-size tires on 
the rear wheels. This arrangement also permits an increase in gross loads 
without exceeding the maximum load per wheel as required by many 
states to protect their pavements. Both discs of dual disc wheels are fas- 
tened together by two nuts on each hub bolt (Fig. 2.4i)-one for each 
wheel. This arrangement provides for the mounting of either a single 
wheel or dual wheels on the same hub. The inner nut is tightened to 
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hold the inner wheel on the hub. The outer nut, which threads on the 
inner nut, fastens the outer disc to the hub. Left-hand threads are used 
on both outer and inner nuts for the left wheel and right-hand thre ad s 
for both nuts on the right wheel. 



Fig. 3.41— Dual disk wheel mounting 
(Army Manual TM 10-560} 


Two rims can be mounted on a single spoke spider as shown in Fig. 
2.42. A spacer is inserted between the rims in order to maintain the 
proper distance between the dual wheel tires. The rims are fitted over 
the spokes and are held in place by damps fastened to the end of each 
spoke. 

side 



Fig. 2.42— Dual spoke wheel mounting 
(Army Manual TM 10-560) 

Rims.— Tire rims for motor vehicles have drop-center or flat-base cross- 
sections, as shown in Fig. 2.43. A “demountable rim” is one that can be 
removed easily from the wheel. In general, drop-center rims usually are 
not demountable, and flat-base rims may be demountable. 

Drop-center rims are used on virtually all passenger cars. As shown in 
Fig- 2-48> ^e center portion of the rim is rolled to a smaller diameter to 
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form a well. This construction permits the removal or mounting o£ the 
tire by squeezing the beads of the tire together on one side and dropping 
them into the well while the opposite side is pulled over the flange. 

Flat-base rims, however, require some means of mounting and dis- 
mounting tires since the bead in modern tires has little or no elasticity. 
In the continuous-base type (Fig- 2.43)3 one s ^ e t ^ e r * m * s removable so 
that the tire can be installed or removed without stretching the bead. A 
continuous-rim side ring with a split locking ring, as illustrated, or a 
single side ring holds the tire in its mounted position. The continuous- 
base rim may be demountable or it may be an integral part of the wheel. 
In the demountable split-ring type of flat-base rim, the rim can be col- 
lapsed to a smaller diameter for mounting or dismounting the tire. 



Fig. 2.43— Rim types: (left) drop-center, (right) flat-base 


Tires— Rubber tires of the solid or pneumatic type are designed to 
cushion the vehicle and its load from the shocks and vibration resulting 
from road inequalities. The springs and shock absorbers protect primarily 
those assemblies which are mounted above the axles. Unsprung parts and 
units, such as the wheels, axle assemblies, and the brake mechanism at 
the wheels, depend entirely upon the resiliency of the tires for protection 
from road shock. 

Tires are classified as solid or pneumatic tires. Solid tires depend 
entirely upon elasticity of the rubber for their action. They are not used 
for passenger cars because they do not possess sufficient spring or cushion, 
and have been virtually replaced by pneumatic tires in trucks and buses, 
with the exception of certain slow-moving vehicles, such as tractors and 
road graders. 

Pneumatic Tires.-This type employs air, confined in an inner tube, 
as a cushioning medium. They are more efficient than solid tires in the 
absorption of road shocks because the air cushion can be compressed more 
readily than the rubber of a solid tire can be distorted. Pneumatic tires 
are classified into three types according to pressure and volume: ( 1 ) high- 
pressure tires; (2) "balloon” tires; and (3) super-balloon or “jumbo” tires. 
High-pressure tires use pressures up to 120 lb per sq in.; these tires are 
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heavier in construction and generally have more plies than the other two 
types, Pressures recommended for balloon tires range from 24 to 40 lb 
per sq in. This type is furnished as original equipment on all American 
passenger cars. Super-balloons operate at pressures of from 8 to 20 lb 
per sq in. They are available as optional equipment on passenger cars in 
which an extra "soft” ride is desired. Since it takes a greater volume of 
air in the tire to carry the same 
load as the pressure decreases, 
balloon tires are considerably 
larger in cross-sectional area 
than corresponding high-pres- 
sure tires, and super-balloon 
tires are considerably larger in 
section than equivalent balloon 
tires. 

The cross-section of Fig. 

2.44 shows the components of a 
typical passenger-car balloon 
tire as follows: (1) body plies, 

(2) tread plies, (3) cushion, (4) 
bead wire, (5) reinforce, (6) 
chafers, (7) sidewall, and (8) 
tread. 

Body plies are composed of 
cotton cord fabric. In building 
a tire the cords are made to run 
at an angle of about 50 deg with a line measured straight across the tread; 
adjacent plies have their cords running at opposite angles. Before their 
incorporation in the tire, the plies either are dipped into a rubber solu- 
tion or have rubber compound pressed or "frictioned” into them, after 
which an additional layer of rubber is added on each side. Passenger-car 
balloon tires have either 4 or 6 body plies. Body plies of rayon fabric are 
sometimes used for tires subjected to severe service because the rayon plies 
resist heat better than do those of cotton. 

The tread plies are fabric layers which bond the tread to the cord 
body. They usually consist of one or two layers of openly spaced fabric. 
They are surrounded by heavy layers of rubber compound. 

The cushion comprises a layer of rubber between tread plies and the 
tread itself. As the name implies, it serves as a "cushion” between these 
two components. 



Fig. 2.44— Components of passenger-car 
balloon tire 
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The bead is heavily reinforced with piano wire to prevent stretching 
and to keep the tire tight on the rim. 

The reinforce is composed of strips of square-woven fabric placed 
around the beads to strengthen the bead area. Chafers are placed around 
the outside of the bead as shown. They serve to prevent the rim from 
chafing the tire. They consist of strips of rubber-coated fabric. 

Sidewalls are layers of rubber compound that cover the sides of the 
tire. The rubber is compounded especially to provide resistance to 
abrasion and flexing. 

The rubber tread provides abrasion resistance against the road sur- 
face and, in so doing, furnishes the traction between the road and the car 
necessary to operate the car. The tread pattern is designed and the rub- 
ber is compounded to minimize skidding, noise, and wear, and to give 
good traction characteristics. Tread wear is influenced tremendously by 
the type of driver and the speed of driving. A driver who accelerates 
rapidly, slams on his brakes, and turns corners fast will wear his tires 
much faster than will a more conservative driver. Tests have shown that 
tread wear at 50 mph is double that at 30 mph. 

Inner Tubes.— An inner tube is an endless tube of rubber fitted with 
a valve through which air is forced and retained under pressure. Tubes 
are frequently molded to conform to the shape of the tire. Special types 
of tubes are available which minimize the danger of punctures or blow- 
outs. These tubes employ self-sealing constructions or inner and outer 
tubes. 

Military Tires.— Tires used on passenger cars and conventional light 
trucks are ill-suited for use on military trucks because they are deficient 
in size and ruggedness, and their tread does not give sufficient traction. 
For military service, therefore, these tires usually are replaced by extra- 
large heavy-duty tires with extra-heavy tread design to provide maximum 
tiaction in mud and snow. In fact, tires for military trucks are often of 
such heavy construction that they will not collapse after a blowout and, 
consequently, are able to support the weight of the truck for a consider- 
able distance without air pressure. 

Furthermore, tires of military trucks used for combat are frequently 
equipped with special bullet-sealing tubes. To provide additional traction 
in cases of emergency, military trucks usually carry chains or other trac- 
tion devices for installation under such conditions. In addition, the front- 
end construction of virtually all military trucks is adapted to permit the 
installation of dual wheel equipment, allowing still more traction. 
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The ratio of the tire area in contact with the ground to the gross 
vehicle weight is called “flotation.” For maximum traction and grade 
ability, the flotation o£ military trucks should be as large as practicable; 
consequently, tires for military trucks are designed to attain this objec- 
tive. 


Importance of Maintaining Tire Pressure.— Since a tire is designed to 
operate at a certain pressure when installed on a car o£ known weight and 



NORMAL 

MILEAGE 

Fig. 3.45— Effect of overloading and underinflation of tires 
(Array Manual TMio-jjGo) 


characteristics, it is of utmost importance that this pressure be maintained 
to obtain safety in steering and control and maximum service from the 
tire. Under-inflation causes severe flexing of the tire plies, sidewalls and 
other components; excessive heat; and premature failure. It is the cause 
of a majority of tire failures. Over-inflation, on the other hand, overloads 
the components of the tire and causes excessive tread wear and hard rid- 
ing. Either or both may cause dangerous difficulties in steering and con- 
trol. (Fig. 2.45 shows graphically the effect on mileage of overloading and 
under-inflation.) 


Tire Chains.— Chains are used to gain traction in snow, rough ice, or 
muddy road conditions. Many types are available. Where possible they 
should be installed before the need for their use actually exists. Also they 
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should be removed as soon as possible after they are no longer needed 
since they wear out rapidly, damage tires, and put an extra strain on the 
engine and power-transmission system. 

Tire Trouble and Repair.-Tire trouble can be kept at a minimum by 
proper care. High speed and improper tire pressure, as already men- 
tioned, can be die cause of premature tire failure and excessive wear. 
Frequent starts and stops in traffic and severe braking and acceleration 
also cause rapid tire wear. Misaligned and unbalanced wheels produce 
uneven tire wear. Longer tire life can be secured by cross-switching tires 
so as to distribute the wear evenly. Constant inspection of tires and meas- 
urement of pressure can aid in removing the cause of a "flat” tire before 
it occurs. Tacks and sharp objects on the tire surface can sometimes be 
removed before they reach the inner tube. 

If one tire shows a pressure far below the others, look for the cause 
before adding more air. This situation is indication of impending tire 
trouble. Cars should not be run on "flat” tires— even for very short dis- 
tances. This practice will ruin both tire and tube. Repairs on tubes can 
be made by "cold” patches in emergencies if the break is not too large. 
Large openings in tubes should be repaired by "vulcanizing." Emergency 
repairs on tires may be made by the insertion of a "boot" or blowout 
patch. This boot should be removed as soon as possible because it unbal- 
ances the wheel. A hole in a tire can be repaired by "vulcanizing” if it is 
not too extensive. Worn-away tire treads may be replaced by either of 
the processes of retreading or recapping if the casing is still in good con- 
dition. 


QUESTIONS 

1. Upon what force does the operation of every type of brake depend? 
Explain. 

s. How does an external-contracting brake differ from an internal-ex- 
panding one? 

3. What is the function of a brake shoe or band? 

4. Why are internal-expanding brakes used for wheel brakes? 

5. Explain the function of the drum in the brake mechanism. 

6. What is the function of the brake lining? 

7. How are the brake shoes forced against the drum in a mechanical brake 
system? 

8. Explain the two purposes served by brake linkage. 

9. What are the essential differences between mechanical brakes and hy- 
draulic brakes? ‘ 

10. Explain the principle of which hydraulic brakes are an application. 
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1 1 . Why do hydraulic brakes always have equal pressure on all four wheel 
cylinders? 

12. Construct a diagram of a simple hydraulic brake system. 

13. With the aid of a diagram explain the function of the main parts of 
the master cylinder. 

14. How do hydraulic wheel brakes differ in operation from mechanical 
wheel brakes? 

15. Explain how a "self-energizing" wheel brake utilizes the motion of the 
car to increase brake pressure. 

16. Draw a simple wheel cylinder. Label five important parts. 

1 7. Explain why mechanical brakes are used for parking and emergency 
brakes. 

18. Briefly outline the main features of an air brake system. 

19. Why can power units or boosters be added to any type of braking 
system? Explain. 

20. Outline the advantages of each type of wheel steel disc, wire, and 
artillery. 

si. Why are dual wheels used on heavy trucks? 

. 22. With the aid of a diagram outline the function of the main com- 
ponents of a passenger-car balloon tire. 

23. How do military tires differ from those used on passenger cars and 
light trucks? 

24. Outline all the steps that can be taken to increase tire life. 

25. What emergency repairs may be made on a tire or a tube? How does a 
permanent repair differ from an emergency one? 


SUGGESTED PROJECTS 

1. Models of a wagon wheel brake may be constructed from parts of a 
baby carriage. 

2. A model of a hydraulic brake system can be constructed by using glass 
cylinders for master and wheel cylinders and rubber stoppers for pistons. 
They can be connected by rubber or glass tubing and water can be used as the 
fluid for transmitting the pressure. 

3. Master and wheel cylinders may be secured from junked cars and con- 
nected by means of the tubing already attached to them. A lever can be at- 
tached to the master cylinder to operate it. If the wheel cylinder is left in 
the brake assembly, the operation of the wheel brake may be shown. All parts 
should be securely mounted. 
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CHAPTER 4 

VEHICLE BODIES 

Passenger Car Bodies. — The principal design trends in car bodies 
are familiar to- almost everyone. Recently, with each succeeding model, 
bodies have become more streamlined, wider, and have been mounted 
closer to the ground. All-steel bodies have replaced the composite wood- 
and-steel or all-wood bodies used previously. Running boards have prac- 
tically disappeared. These bodies, which provide a strong and rigid 
structure, are made up of a number of sections welded together. These 
sections were pressed into shape by giant hydraulic presses before they 
were assembled in jigs and welded. The welds are then filed down and 
the outer panels smoothed so completely that no welding points or other 
evidence of the welds are apparent on the surface. 

Some type of insulating material is cemented to the body panels. This 
material serves both to reduce the conduction of heat through the steel 
and to absorb any sound that may be produced by the vibration of the 
panel itself. A ventilator located in the cowl panel is used to supplement 
window ventilation. Modern car windshields are made of safety glass 
(shatterproof), required by state laws. They are either in one piece or 
of the V-type construction. Windshields usually cannot be opened be- 
cause they are set permanently in a frame of rubber molding that is 
placed between the glass and the body. 

The body is bolted to the chassis, but rubber, cork, or fabric shims 
or gaskets are placed between body and chassis to prevent squeaking and 
to keep engine vibrations from being transmitted to the body. Fenders 
and hoods are attached separately to the body and are also separated from 
it by some type of shim or gasket, On those cars that still have them, run- 
ning boards are attached directly to the frame side-members. The operat- 
ing controls are similar to those shown for a typical military truck in 
Fig. 2.47 with some important differences in arrangements. In modern 
passenger cars the gearshift lever is mounted on the steering column 
under the steering wheel, and the parking or hand brake lever is usually 
located under the dashboard at the left, See Fig, 4.26, page 161. 

64 
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Types of Passenger Bodies. — A wide variety of sales nomenclature 
has made difficult universally exact definitions of each of these body types, 
while the special names applied to variations of each type are legion. Cur- 
rent usage, however, renders reasonably accurate the following definitions 
of these most common body types: 

Two-door Sedan. — An enclosed two-door type of body with perma- 
nent back-panels and top. A full-width seat in the rear accommodates 
three passengers. A full-width front seat with divided back accommodates 
the driver and one or two additional passengers. Folding down the front- 
seat backs allows unobstructed entrance or exit to rear-seat passengers. 

Four-door Sedan— An enclosed four-door type of body with perm- 
anent back-panels and top. A full-width cross seat in front and rear. 
Passenger capacity from five to eight according to wheelbase or body 
design. May or may not be provided with windows in the rear-quarter. 

Coupe. — An enclosed single compartment body. Passenger capacity 
varies with arrangement of seats or length of wheelbase. Two doors are 
provided. Back-panels and top are permanent. Larger types may be pro- 
vided with quarter windows. 


REAR QUARTER ROOF FANEL V-TYPE 



Fig. 2.46— Passenger car (Sedan) steel body 
(Army Manual TM10-560) 
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Roadster. — An open-type body having one cross seat. A compartment 
in the rear deck accommodates luggage and/or an extra seat for two 
persons. Has two doors. 

Phaeton. — An open-type body with two cross seats, usually accom- 
modating five passengers. Has four doors. 

Truck Bodies. — Truck bodies are usually comprised of two assem- 
blies—the cargo body and the operator’s compartment or cab. Fig. 2.48 
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Fig. 2.47— Operator's compartment 
(Army Manual TM10-560) 


shows the cargo body of a light truck as a distinct unit that can be 
moved independently of the cab. In some light delivery trucks the cargo 
body and cab are combined to form a panel body with only a panel be- 
tween the two units. 

The cab of a truck is usually of all-steel construction and is some- 
times placed over the engine to save room, thus permitting an increase 
in cargo space for the same wheelbase. All the controls and instruments 
that are used for the operation of a truck are housed in the cab. Fig. 2.47 
shows the instruments and controls found in the cab of a typical army 
truck* 

The type of cargo body that is mounted on the truck chassis depends 
upon the material or goods to be transported. Obviously they are built 
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Fig. 2.48— Light cargo type of 11^-ton military truck under test. To 
pass, it is required to go up the 6-ft incline shown without losing speed 


in many sizes and varieties. Figs. 2.48 and 2.49 show two typical trucks 
used by the U. S. Army. 

U. S. military trucks are classified as 14 -ton, 14 -ton, 114-ton, 214-ton, 
4-ton, and G-ton. Examples of all these types except the 4-ton and x 14-ton 
trucks are shown in Fig. 2 .50. 

The 14-ton trucks are used as light-weapon carriers for the infantry, 
personnel, and troop carriers. 

The 14 -ton trucks are used as personnel and troop carriers, command 



Fig. 2.49—214-ton six-wheel all-wheel-drive military cargo truck 
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six-wheel truck for transporting light field-artillery guns; a l/g-ton four-wheel reconnaissance car; and a 14 -ton 

four-wheel “midget” truck. ( Wide World Photos, Inc.) 


VEHICLE BODIES 69 

and reconnaissance vehicles, utility trucks, light cargo trucks, weapon and 
ammunition carriers, ambulances, and prime movers of light cannon, 
such as the anti-tank gun. They are usually modified passenger vehicles. 

Trucks m the li^-ton class are employed as light cargo trucks (Fig. 
a. 4 8), prime movers of light artillery, such as 75-mm field guns, engineer 
dump ti ticks, light repair trucks, and scout cars. Cargoes carried by this 
type of military truck include ammunition, communication equipment, 
lations, and baggage. They are of the four-wheel four-wheel-drive type, 
usually with dual rear wheels and tires. 


0UTRI00ER9 
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Fig. 8.51— Semitrailer chassis 
(Army Manual TM 10-560) 


The 8 i/g-ton trucks arc used as prime cargo carriers (Fig. 2.49), fuel 
tankers, troop-movement vehicles, repair trucks, animal carriers, search- 
light transports, and prime movers for medium artillery (75-mm field 
guns and 105-mm howitzers). These trucks are of the six-wheel all-wheel- 
drive type with dual tires and wheels on both rear axles. In many cases 
these trucks use the same axles and basic transfer case as employed by 
the 11^-ton four-wheel military trucks. 

Among the uses for the 4-ton and G-ton military trucks are those as 
prime movers for towing heavy field artillery (such as 155-mm howitzers) 
and anti-aircraft artillery (3-in. and 90-mm), as heavy cargo trucks, as field- 
servicing trucks, and tractor trucks for towing semi-trailers. They are 
always of the six-wheel all-wlieel-drive type with dual wheels and tires 
on both rear axles. 
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Tr ail ers. — Trailers are vehicles that are designed to be towed. They 
are used in conjunction with a motor vehicle to increase the carrying 
capacity of the vehicle. 

Trailers are usually classified as: (1) semi-trailer; (a) three-quarter 
trailer; and (3) full trailer. 



Fig. 2.52— Ideal load distribution for tractor and semitrailer 
combination (Dual wheels on two rear axles; all 10 tires have 
same load-carrying capacity) 

(Army Manual TM10-560) 

Semi-Trailers. — A semi-trailer is hauled by a special type of truck 
known as a tractor. The wheelbase of a tractor is shorter than that of a 
standard truck and its engine and transmission are specially designed for 
such use. 

Fig. 2.51 shows a typical semi-trailer chassis. It is connected to the 
tractor by means of a fifth wheel as shown in Fig. 2.52. The king pin is 
the point about which the upper fifth wheel (attached to the trailer) can 
rotate relative to the lower fifth wheel (attached to the tractor). 

A kickup in the front of a semi-trailer (Fig. 2.52) serves to lower the 
center of gravity of the trailer without reducing the necessity clearance 
space above the rear wheels of the tractor. 

The landing gear of a trailer serves to support the trailer when it is 
not attached to the towing vehicle. It is usually retractable and equipped 
with small wheels so that tire trailer can be moved short distances without 
the tractor. 

Most trailers have their own set of brakes. They usually are of the 
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compressed air, vacuum, or electric type and are connected to the braking 
system o£ the towing vehicle by a flexible hose and detachable couplings, 
by cables, or by wires. 

The load distribution o£ a semi-trailer and tractor combination is 
determined by the location of the fifth wheel. Fig. s.52 shows an ideal 
distribution. 

The location of the fifth wheel also helps to determine the safety of 
the combination in hilly terrain. Fig. 2.53 shows how a shift in the posi- 



Fig. s.53— Effect of fifth wheel location when climbing hills 
(Army Manual TMio-g6o) 


tion of the fifth wheel can increase the operating safety of the combina- 
tion. Placing the fifth wheel well ahead of the rear wheels of the tractor 
also reduces the tendency of the semi-trailer to push the rear side of the 
tractor off the road on a sharp turn. This jackknifing tendency is espe- 
cially dangerous on wet and icy pavements. , 

Three-Quarter Trailers. — Three-quarter trailers are designed to carry 
light loads and to be hooked to any passenger car or truck. By placing the 
two wheels of the trailer almost beneath the center of gravity of the trailer 
they are made to support about 85% of the weight of the trailer. Lug- 
gage trailers and some types of house trailers attached to passenger cars 
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by means o£ a ball and socket coupler are the most common forms of 
three-quarter trailer. 

Full Trailers.— Full trailers have both front and rear suspension and 
hence support their entire weight. They resemble an ordinary closed 
wagon in general appearance and in method of steering. The front wheel 
suspension is mounted on the lower fifth wheel while the upper fifth 
wheel is attached to the frame of the trailer. A towing tongue, pivoted 
on the front suspension, connects the trailer with the towing motor ve- 
hicle. The towing tongue is equipped with a lunette end (towing hook) 
which connects to the pintle hook that is permanently attached to the 
towing vehicle. 


QUESTIONS 

1. Outline the changes that have been made in passenger car bodies in 
recent years. 

2. Why are steel bodies insulated? 

3. Describe the most common types of passenger-car bodies. 

4. What determines the type of body that is attached to a truck chassis? 

5. Describe some of the uses for the different sizes of U. S. military trucks. 

6. What advantage is gained by the use of trailers? 

7. Describe the main features of a semi-trailer. 

8. Explain why a mechanical brake system cannot be used on a trailer. 

9. How does the location of the fifth wheel of a semi-trailer affect load 
distribution and safety in hilly country operation? 

10. Point out the similarity between a full trailer and a wagon. 


SUGGESTED PROJECTS 

1. Three-quarter trailers can be inspected at the nearest trailer camp. 
Their braking system, landing gear, and lowing hook-up can be examined 
at close range. 

2. Repairs to damaged car bodies often necessitate removing the uphol- 
stery, and exposing the interior of the body panels. A visit to a body repair 
shop will often reveal several cars in this condition that can be studied. 
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CHAPTER 5 


PRINCIPLES OF ENGINE OPERATION 

Internal-combustion engines are those that burn their fuel inside the 
engine. Those that burn gasoline are known as gasoline engines. Other 
types of internal-combustion engines burn heavier oils or fuels. Of these 
types the diesel engine has come into the widest use. 

All engines convert one form of energy into another. Internal-com- 
bustion engines convert the chemical energy stored in their fuels into 
heat energy during the burning part of their operation. The heat energy 
is converted into mechanical energy by the expansion of gases against 
pistons attached to crankshafts that can rotate. 

Energy cannot be created or destroyed. Machines can only transform 
energy from one form into another. Energy is the ability to do "work." 
The scientific term “work” is defined as a product of a force times the 
distance through which that force operates. This definition implies that, 
if work is being done, motion results. The quantity of work done is 
measured in terms depending upon the units of force and distance. Power 
is the rate of doing work. 


Example: It requires a force of 100 lb to drag a trailer along the road. If 
a tractor drags the trailer a distance of 33,000 ft, the tractor has done 

3,300,000 ft-lb of work on the trailer. (100 lb times 33,000 ft.) 

A small tractor could be geared so as to exert enough force to pull the 
trailer. Under these conditions the trailer will move comparatively slowly. 
Suppose the time required to move the trailer the 33,000 ft is 10 min. Then 
the power that the tractor would have to furnish is 


3,300,000 ft-lb _ 330,000 ft-lb 
10 min — min 


10 horsepower (hp) 


since 1 hp = 


33,000 ft-lb 
min 


This example assumes no losses by friction. 

7S 
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If a larger tractor were used, it could do the same amount of work in less 
time. If it did the same work in 5 min, it would have to furnish 20 hp. 


3,300,000 ft-lb 
g min 


660,000 ft-lb 
min 


= 20 hp 


Since 660,000 ft-lb 
, min 

— 80 

33,000 ft-lb 

' min 

, -v 
' ' <-* •* t 

The efficiency of an engine is measured by the percentage of useful 
energy obtained by transformation. If the engine or machine is simply 
converting one form of mechanical energy into another, its efficiency can 
be measured easily. 


Efficiency = 


work output ft-lb output 

work input ft-lb input 


If the machine or engine is converting one form of energy into 
another, the efficiency can be computed only after the work output and 
work input have been put into equivalent forms. 


Example: An internal-combustion engine uses 100 Elu of heat energy to do 
19,450 ft-lb of work. What is its efficiency? Btu means British Thermal Unit. 
It is defined as the amount of heat required to raise 1 lb of water 1 deg 
Fahrenheit. Experiments by Joule and others found a Btu equivalent to 778 
ft-lb. This is known as the mechanical equivalent of heat. 

Hence 100 Btu = 77,800 ft-lb of work 


Efficiency 

input 


19,450 ft-lb 
77,800 ft-lb 



This type of efficiency is known as the thermal efficiency of an engine. 
Under the very best conditions not more than 25% to 30% thermal effi- 
ciency can be obtained from gasoline automobile engines. Diesel engines 
have a thermal efficiency as high as 35%. 

If the metric system is used, the heat is measured in calories. A gram- 
calorie is the amount of heat required to raise 1 gram of water 1 degree 
Centigrade. There is also the kilogram-calorie or "large” calorie, used 
widely in engineering work, that is 1000 times greater in value. The 
mechanical equivalent of heat in that system is 1 gram-calorie = 427 
meter-grams. 


The Gasoline Engine.-The unit which furnishes the power to propel 
the modem automobile is a gasoline-burning, spark-ignition,, four-stroke- 
cycle, internal-combustion engine. Like all other types of internal-coin- 
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bustion engines, its ability to furnish this power rests on two basic 
principles of physics: 

l. Combustion or burning is always accompanied by the production of 
heat; and, 

a. When a gas is heated, it expands. If the volume remains constant, the 
pressure rises. This, in general, is known as "Charles’ law." 

What actually happens in the production of power by this internal- 
combustion engine may be described as follows: 

Gasoline, a liquid fuel, is mixed with air in a carburetor and the 
mixture is sucked into a cylinder. There it is compressed by the upward 
movement of a piston within the cylinder and is ignited by an electric 
spark. When the mixture in the cylinder is burned, the resulting heat 
causes the gases to expand. Since the natural expansion is inhibited be- 
cause the gases are confined within the cylinder, pressure is exerted on 
the cylinder walls and on the piston. The piston, being movable, is 
pushed downward by the force of these expanding gases to the full length 
of its stroke. 



Fig. 3 . 1 — Engine operation 


To transfer into useful work the energy resulting from this expansion, 
a construction such as shown in Fig. 3.x is used. 

As is shown, the force exerted on piston K is transmitted through the 
connecting rod E to the crankshaft H which is made to revolve, turning 
through one-half of a revolution as the piston moves downward. Attached 
to the crankshaft is a flywheel, which stores up energy, and its momentum 
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carries the piston through the balance of its motion until it receives an- 
other power impulse. In this way the reciprocating motion of the piston 
is transformed into a rotary motion at the crankshaft. (From that point 
on the power is transmitted back to the rear wheels as will be explained 
in Unit IV on die Power Train.) 

In order that the operation of the engine be continuous, this series 
of events must be repeated over and over again in regular order. These 
events that are repeated comprise the "cycle” of the engine. 

To understand clearly this series of events, it may well be compared 
to the operation of an old-style muzzle-loading cannon, which is the 
simplest form of internal-combustion engine. 

The first step necessary to fire the cannon, as illustrated in Fig. 3.2, is 
inserting the charge; the corresponding step in the gasoline engine is the 
admission of the charge. The second step is ramming the projectile 
and powder; the corresponding step in the gasoline engine is the com- 
pression of the charge. The third step is lighting the fuse; the correspond- 
ing step in the gasoline engine is the ignition of the charge. The fourth 
step is burning the powder and the fifth step expansion of the gases of 
combustion due to the heat produced which forces the projectile out of 
the cannon. The corresponding steps in the gasoline engine are the burn- 
ing of the charge and the expansion of the gases. 

The sixth and last step in operation of the cannon is the escape of 
the burned gases after the projectile has left the muzzle; the correspond- 
ing step in the gasoline engine is the subsequent exhaust of the products 
of combustion. The cannon is now ready to be fired again and the engine 
to continue its operation. 

The. steps comprising the cycle of operation of the gasoline engine, 
then, may be summarized as follows: 

1. Admission of the charge 

s. Compression of the charge 

3. Ignition of the charge 

4. Combustion of the charge 

5. Expansion of the gases 

6. Exhaust of the gases 

The number of strokes of the piston required to complete the cycle 
varies with die type of engine. In the type universally used in modern 
American passenger cars, the cycle is extended through four strokes of 
the piston or two revolutions of the crankshaft. The engine is therefore 
called four-stroke-cycle. (Were the cycle completed in two strokes of the 
piston or one revolution of the crankshaft, as is the case in some engines 
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Spark Plug Firing 



Both Valves 
Closed 


POWER 



Fig. 3-a 
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not at present used in American passenger cars, but emphasized in some 
diesel-powered trucks and buses, the engine would be called two-stroke- 
cycle.) 

In the four-stroke-cycle engine, the four strokes are named suction 
(or intake), compression, power and exhaust in accordance with the 
operations of the cycle which occur during each particular stroke. 

Suction Stroke— During this stroke (Fig. 3.2A), the piston is moved 
downward by the crankshaft, which is revolved either by the momentum 
of the flywheel or by the power generated by the electric starting motor. 
This movement of the piston increases the size of the combustion space, 
thereby reducing the pressure in it. Then the higher pressure of the 
outside atmosphere forces fresh mixture into the combustion space 
through the open inlet valve. 

Compression Stroke.— The compression, ignition, and much of the 
combustion of the charge take place during the next upward stroke of 
the piston (Fig. 3.2B). The time elapsed between the mixing of the gas- 
oline and air and its admission to the cylinder (through an inlet valve) 
is too brief to secure a perfect combustible mixture. What passes into 
the cylinder consists of air, gasoline, and a more or less perfect mixture 
of the two. To obtain a more homogeneous mixture, advantage is taken 
of the heat produced by compression. This makes the gasoline easier 
burning, while the compression forces it into intimate combination with 
the air. Even then a perfect mixture may not result, for the air and 
gasoline vapor, instead of being thoroughly combined, may be in layers. 
The combustion would then be slow and uneven. When the air and 
gasoline vapor in the mixture are properly proportioned, this difficulty 
is seldom encountered. The mixture is ignited while under compression, 
and combustion is over half completed when the piston is at top dead- 
center. It will be noted that both inlet and exhaust valves are closed 
during this stroke. 

Power Stroke.— The expansion of the gases due to the heat of com- 
bustion exerts a pressure, in the cylinder and on the piston. Under this 
impulse the piston moves downward. (Fig. 3.2C) Both valves also are 
closed during much of this stroke. 

Exhaust Stroke— When the exhaust valve is opened, the greater part 
of the burned gases escape due to their own expansion. The upward 
movement of the piston pushes the remaining gases out of the open ex- 
haust valve. The space between the cylinder head and the piston, when 
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it is at its topmost point, is called the clearance and will contain what 
little exhaust gas may remain. This remaining gas will dilute the fresh 
incoming charge (Fig. 3.sD). 

Thus it is seen that, in this type of engine, four strokes of the piston 
are required to complete the cycle. 

This cycle or series of events takes place over and over again. The 
result is delivery to the rear wheels (through the various units of the 
power transmission system) of a part of this power generated by the pro- 
duction of heat in the cylinder caused by the burning of fuel. A given 
amount of fuel produces a certain amount of heat when completely 
burned. 

The total heat value of the fuel cannot be utilized, however, because 
there are certain losses which always must occur even in the best-designed 
engines. Moreover, badly worn engines, imperfect carburetion, and faulty 
ignition will add to these necessary losses and decrease the percentage of 
energy actually available for useful work. 

From 70% to 80% of the total fuel value is lost in heat which is ab- 
sorbed by die cooling system and in heat which is lost in the exhaust 
gases— and this loss cannot be reduced materially below this amount. 
Other losses arising from engine friction will vary considerably with the 
design, condidon and temperature of the engine and the viscosity of the 
oil used to lubricate it. 

Engine Rating.— Engines of all kinds are rated in horsepower— the 
measure of the rate at which they can do work. There are two ways of 
measuring engine power: (1) The power developed by expansion of the 
gases in the cylinder can be determined (as by indicator cards), in which 
case the indicated horsepower is obtained. (2) By means of such measuring 
instruments as a prony brake or a dynamometer, the power which the 
engine actually delivers can be measured— and this is called the brake 
horsepower. 

The brake horsepower of an automobile engine usually will be from 
70% to 85% of its indicated horsepower, the difference resulting from 
the losses accruing from energy being consumed in friction, energy con- 
sumed in getting the charges in and out of the cylinders, and other causes 
in the engine mechanism. 

Formulas based on the indicated horsepower with certain standard 
conditions assumed are often used as a basis for taxation of automobiles. 
The results given by any such formulas bear no relation to actual horse- 
power— either indicated or brake— so far as modern automobile engines 
are concerned, 
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^Engine Varieties.-Internal-combustion engines may be built in an 
almost endless variety of types in addition to the gasoline-burning, four- 
stroke-cycle, poppet-valve, spark-ignition type common to modern Ameri- 
can passenger cars. Other engines may differ from the type just described 
in the character of valve mechanism used, in the “cycle,” in the method 
of compressing the charge, in the way the gases are ignited or in various 
other design elements. 

Two-stroke-cycle engines, already mentioned, differ from the four- 
stroke-cycle type in that the six events composing the cycle are performed 
during two strokes of the piston and one revolution of the crankshaft. 
Power is developed during each downward stroke of the piston instead of 
on alternate downward strokes. 

Since this type of engine is not well adapted to gasoline engines using 
carburetors, it is not employed in the gasoline engines of American auto- 
mobiles, trucks, or buses. Two-stroke-cycle diesel engines, however, are 
•widely used in trucks, buses, and boats. Since there is a power stroke 
for every revolution of tire crankshaft in a two-stroke-cycle engine, it is 
evident that the power produced by a given engine will be practically 
double that of the same engine operating on the four-stroke cycle. In 
other words, the power output of a four-stroke-cycle engine can be ob- 
tained with a two-stroke-cycle, engine of little more than half its weight. 
On the other hand, the efficiency of two-stroke-cycle engines is lower than 
that of comparable four-stroke-cycle engines. 

Compression Ratio.— The degree to which the fuel-mixture in an en- 
gine is compressed before ignition depends upon the ratio of the volume 
of the mixture in the cylinder above the piston at bottom center com- 
pared to the volume of the mixture when the piston is at top center. This 
is known as the compression ratio. See Fig. 3.3. Since the volume above 
the piston at bottom center is the displacement of the cylinder plus the 
clearance volume and the volume above the piston at top center is the 
clearance volume, the compression ratio can also be stated as 

Clearance Volume -j- Displacement Volume 
Clearance Volume 

Example: In Fig. 3.3 if the clearance ‘ volume is 1 cu in. and the dis- 
placement volume 5 cu in. [(s-6) inclusive] then the compression ratio is 

5 + i 


= 6:1. 
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The exact pressure of the mixture at maximum compression is deter- 
mined by the compression ratio and such other factors as engine tempera- 
ture, degree of vaporization of the fuel, leakage past the piston rings and 
valves, and engine speed. 



Fig. 3.3— Compression ratio in terms of total, clearance, and displace- 
ment volumes 
(Army Manual TM 10-570) 


The compression ratio of an engine tv ill be increased by any condition 
that will decrease the size of the clearance volume such as the accumula- 
tion of carbon deposits. Early automobile engines had compression ratios 
of from 3:1 to 4:1. They are known as low-compression engines. The 
fuel available at the time could not be subjected to greater pressure with- 
out detonation or “pinging,” Modern fuel permits compression ratios 
from 5:1 up to 8 or 9:1 for gasoline engines; diesel engines have much 
higher compression ratios— from 11 to 22:1. High compression ratio re- 
sults in increased operating efficiency and greater horsepower output for a 
given engine. 

Classification of Four-Stroke-Cycl'e Engines.— Four-stroke-cycle en- 
gines are classified in many ways; 
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(1) By Shape and Design. The general classifications are “L” head, 
“I” head, "T” head and “F” head according to the arrangement of the 
valves. “L” head and “I” head or “overhead" designs have predominated 
in American practice for many years. 

In an “L" head design, both inlet and exhaust valves are on one side 
of the engine (Fig. 3.4, left) and are operated by a single camshaft. “I” 
head engines have the valves in the cylinder head (Fig. 3.4, right) and are 
operated by push-rods operating rocker arms. The “T” head designs 

Both 
Valves 
on 
One 
Side 


“L"-Head ‘T'-Head 'T-Head 

Fig. 3.4— Valve arrangements 

have the inlet valves on one side and the exhaust valves on the other side 
(Fig. 3.4, center), necessitating two camshafts. See also Fig. 3.1. The “F” 
heads have one valve, usually the inlet, in the head and the exhaust valve 
in the cylinder block, directly opposite, and employ one camshaft. 

The space above the piston when it is at its uppermost point is called 
the combustion chamber or clearance as already explained. 

(2) By Cylinder Arrangements.— Automobile engines also vary in 
the arrangement of cylinders in the cylinder block. Most passenger-car 
engines of less than eight cylinders— and many with eight cylinders— are 
of the “in-line” type in which the cylinders are arranged in a straight 
line, one behind the other, with the crankshaft located directly below 
them. Many eight-cylinder engines and practically all twelve- and six- 
teen-cylinder automobile engines are of the V-type in which the cylinders 
are arranged in two banks to form a V with the crankshaft as the bottom 
point. Usually the angle of the V is 90 deg with eight-cylinder engines; 
75, 60 or 45 deg for twelve-cylinder engines; and 45 or 135 deg for six- 
teen-cylinder engines. 

Crankshafts for V-type engines generally have only half as many 
cranks or throws as there are cylinders, since two connecting rods (one 
for each bank) generally are connected side by side to each crankpin. 

“Pancake" or horizontal-opposed engines have the cylinders laid on 
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their sides in two rows with the crankshaft in the center. This type has 
the advantage of saving height and, for this reason, is found in trucks and 
buses of the cab-over-engine type or with the engine mounted under the 
body. 

More details on cylinder arrangements will be given in Chapter 7 
on "Multiple-Cylinder Engines.” 

(3) By Method of Cooling.—' The two methods of cooling an engine- 
liquid cooling and air cooling— will be explained later in Chapter 13 
entitled “Cooling System.” 

The Diesel Engine.— Other engines mix the fuel inside the cylinder 
and ignite the combustible gases by compression. These compression- 
ignition engines are commonly called diesels, after Dr. Rudolph Diesel 
who completed the first successful power-plant of this type in 1897. 

Capable of burning low-volatility fuels and long adapted chiefly to 
stationary and large marine uses, the diesel has had widespread adoption 
for tractor use in the last decade and has made definite, though numeri- 
cally limited, progress in motor truck and bus applications. 

The diesel differs from the spark-ignition gasoline engine in two 
major respects: (1) In the gasoline engine, as explained, the fuel and air 
are mixed in a carburetor before they enter the cylinder. In the diesel, 
the fuel is fed into the cylinder by a fuel-injector and is mixed with air 
inside the cylinder. (2) The gasoline engine compresses a mixture of gas- 
oline and air which is ignited by an electric spark. The diesel engine 
compresses only a charge of air and ignition is accomplished by heat of 
compression. In a diesel the “compression” is far above that used in any 
spark-ignition engine, thus enabling it to convert more of the energy in 
its fuel into work than does the gasoline engine. The diesel burns fuels 
much less volatile than gasoline and produces more miles per' gallon in a 
motor vehicle than does the gasoline engine because of its higher thermal 
efficiency. 

Against the diesel, as compared to the spark-ignition engines used in 
modern passenger cars, are its higher weight-to-horsepower ratio, its 
greater starting difficulties, its higher first cost, and its probably higher 
maintenance cost. 

QUESTIONS 

1. Distinguish between internal-combustion engines and external-combus- 
tion engines. Name several examples in each class. 

g. What function do all engines or machines perform? Explain. 
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g. How much work will an engine do if it lifts a 55,000-lb weight a dis- 
tance of 100 ft? 

4. What horsepower will it have to develop to do the work in Question g 
in so sec? 

5. What is the thermal efficiency of an internal-combustion engine that 
uses 10 Btu to do 1556 ft-lb of work? 

6. Describe briefly flow the expansion of the gases inside the cylinders 
produces the rotary motion of the crankshaft. 

7. Explain briefly how the combustible mixture gets into the cylinder. 

8. Why are both valves closed during the compression and power strokes? 
Explain. 

9. Describe how the exhaust gases are removed from the cylinder. 

10. Where and when does the spark that ignites the combustible mixture 
occur? 

1 1 . What are the two ways of measuring engine power? 

ia. How does a two-stroke-cycle engine differ from a four-stroke-cycle 
engine? 

ig. What are the advantages and drawbacks of a two-stroke-cycle engine? 

14. Explain the meaning of compression ratio. 

15. How is the compression ratio of an engine measured practically? 

16. Draw a completely labelled diagram to show the valve arrangement in 
an "L”-head engine. 

17. Explain by means of a diagram why a “T”-head engine needs more 
working parts than an “L/’-hcad engine. 

18. Draw a diagram of a valve-in-head engine showing one exhaust valve 
and one piston. 

ig. List all the different engines classified according to cylinder arrange- 
ment. 

20. Where are horizontal-opposed engines used? 

Si. What are their advantages? 

22. In what two major respects does the diesel engine differ from the 
spark-ignition gasoline engine? 

2g. Describe the growth of the use of diesel engines. 

24. What are the advantages of the diesel engine over the gasoline engine? 

25. What factors at present are preventing the universal use of diesel 
engines? 


SUGGESTED PROJECT 

To show how the motion of the piston is changed to rotary motion of the 
crankshaft, a piston and connecting rod assembly can be taken from a real en- 
gine and attached to the crankshaft of that engine. 

The crankshaft can then be mounted in two notched blocks at the end 
journals and made secure with metal strips. A back board placed parallel to 
the crankshaft can be fitted with a cylinder section made by bending sheet 
metal to piston size. This cylinder section can be made to hold its shape by a 
strip of metal soldered to it on top, and will serve to keep the piston vertical 
when the crankshaft is turned. 
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CHAPTER 6 

ENGINE PARTS AND THEIR FUNCTIONS 

Separate and detailed description of each of the parts essential to the 
operation of a passenger-car engine will make clear the function and con- 
struction of each one. Fig. 3.5 shows the locations and arrangement of 
these essential parts in a typical passenger-car engine. 

Cylinder Block, Cylinder Head and Crankcase.— These three parts 
form the foundation and main stationary body of the automobile engine 
and serve as support and enclosure for moving parts. 

The cylinder block contains: (1) the smooth, round cylinders in which 
the pistons slide up and down, (a) the ports or openings for the valves, 
and (3) passages for the flow of cooling water. The cylinder surfaces are 
given a precision “mirror” finish by accurate grinding and honing proc- 
esses. In all modern passenger-car engines, the cylinders are cast in a 
single block of gray iron, although removable liners of special hardened 
steel sometimes serve as cylinder walls. 

The cylinder head, a separate casting bolted to tire top of the cylinder 
block, contains the combustion chambers, has mounted in it the spark 
plugs and sometimes the valves, and, for the flow of cooling water, in- 
corporates passages which register with those of the cylinder block. The 
cylinder head is usually made of gray iron or aluminum alloy and is cast 
separately from the cylinder block to make possible its removal for clean- 
ing carbon and grinding valves. To retain compression in the cylinder, 
a flat piece of copper and asbestos (or steel and asbestos) called the cylin- 
der-head gasket is placed between the cylinder head and the cylinder 
block. Holes are cut in this gasket for the studs holding the cylinder head 
to the block, for the passage of water from the block to the cylinder head 
and for the combustion spaces. The design or shape of these combustion 
chambers or spaces is important in controlling the combustion that occurs 
in the cylinders. 

Piston— Pistons are slightly smaller in diameter than the bore of the 
:ylinder. The space between the piston and the cylinder wall is called 
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the piston clearance. This clearance is necessary because the piston 
reaches a higher temperature than the cylinder walls, since the walls are 
cooled by the water surrounding them. Clearance is necessary also to 
provide a space for a film of lubricant between the piston and the cylinder 

The amount of clearance needed depends upon the size of the bore 
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o£ the cylinder and the metal used in the piston, different metals having 
different rates of expansion and contraction when heated and cooled. 
Pistons are made of aluminum alloys, cast steel, cast iron, or chrome 



Fig. 3.6— Typical aluminum-alloy piston 
Side view above, bottom- view below 


nickel, and in modern cars usually have their surfaces "anodized" or 
treated with a coating of tin or zinc oxide. 

(Anodizing is a treatment given the surface of the piston to resist wear 
in which the piston increases its diameter slightly— about 0.0003 In 
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this process the piston is made the ‘anode in an electrolytic bath of 
sulphuric-acid solution.) 

Aluminum-alloy pistons usually are lighter than other types and are 
excellent conductors of heat, but they expand more and, consequently, 
require some means of compensating for tiiis characteristic. To achieve 
this compensation neaTly-vertical slots are usually cut in aluminum pis- 
tons, so that expansion, when it occurs, takes place chiefly in the slots, 
leaving sufficient clearance for safe operation between the cylinder wall 
and the piston. Further compensation for expansion is provided in some 
designs by making the cross-section of the piston skirt oval. As the piston 
expands, the oval skirt tends to become round. 

Fig. 3.6 shows the construction of a typical aluminum-alloy piston. 
Grooves are cut in the side of the piston for three or four piston rings 
which are incorporated to seal the compressed and exploded gases above 
the piston. 

The top is called the head, the part below the ring grooves is called 
the skirt. 

Piston Rings.— Oil helps the piston rings to accomplish their purpose 
of sealing the compressed and exploded gases above the piston. In turn, 
the piston rings prevent the oil from entering the combustion space and 
causing carbon deposits on the cylinder head and the top of the piston. 
Piston rings also transmit heat from the piston to the cylinder walls. The 
top two piston rings are called compression rings and are designed to 
maintain cylinder pressures. The bottom one or two rings are called oil- 
regulating rings; they scrape the excess oil from the cylinder walls and 
return it through slots to the piston-ring grooves. From there it passes 
inside the piston through the oil-drain holes shown in Fig. 3.6. 

Practically all piston rings in modem passenger-car engines are of the 
concentric type; that is, they are uniform in size around their entire 
periphery. The eccentric type, which are thicker opposite 'the slot, are no 
longer common. Piston rings must have joints to enable them to be ex- 
panded so that they can be slipped over the piston into their grooves and 
to compensate for expansion and wear. 

Piston rings are joined in many fashions as shown in Fig. 3.7. In 
mounting piston rings on pistons, the joints should be staggered— not 
placed in a vertical line— so as to prevent the compression from having a 
direct path to leak by the piston skirt. 

Piston rings usually are made of cast iron and those used in Ameri- 
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can passenger cars are commonly plated with 
tin or given a surface treatment to reduce 
wear and eliminate scuffing. These treat- 
ments consist of special processes which 
change the structure of the surface layer. 

Piston Pin.— The piston pin or wristpin 
connects the piston to the connecting rod. 

Usually it is hollow and made of case-hard- 
ened steel. 

There are three commonly used methods 
of accomplishing this connection: 

x. The pin is fastened to the piston by 
setscrews through the piston boss and has a 
bearing in the connecting rod, thus permit- 
ting the connecting rod to swivel as required 
by the combined reciprocal and rotary mo- 3 .^_pi ston . r i n g 

tion of the piston and crankshaft. constructions 

2. The pin is fastened to the connecting 

rod with a clamp screw. In this case, the piston bosses form the bearing., 

3. A “floating” pin is used which is free in both the connecting rod 
and the piston, but is prevented from coming in contact with the cylinder 
wall by two lock rings fitting in grooves in the outer end of the piston 
bosses. 

If the piston pin is of the type that is locked in the piston bosses, a 
bushing of bronze or other anti-fricdon material is employed in the upper 
end of the connecting rod. When the piston pin is held by the rod only, 
the piston bosses carry bushings when the piston is made of cast iron; steel 
or aluminum pistons carry no bushings. When the piston pin is of the 
floating type, both rod and piston are provided with bushings in the case 
of cast-iron pistons. 

Connecting Rod.— The connecting rod, as its name implies, is the con- 
nection between the piston and the crankshaft. It joins the wristpin of the 
piston with the throw or crankpin of the crankshaft. The lighter the con- 
necting rod— and the piston— the more the resulting power and the less the 
vibration because the reciprocating weight is less. The rod usually has an 
I-beam cross-section. The lower part of the connecting rod (the connect- 
ing-rod head) is split to permit its being clamped around the crankshaft. 
The split head usually incorporates a babbitt bearing. Bearing linings of 
steel-backed copper-lead or steel-backed cadmium-silver also are used. 
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The lining may either be in the form of a separate split shell with a 
steel backing or it may be spun on the inside of the rod and cap during 
man ufacture of the connecting rod. When a separate split-shell liner is 
used, it is held in place by the connecting-rod cap and by the bolts which 
clamp together the split parts of the liner. A dowel pin or lip prevents the 
liner from turning. In the spun type of liner the babbitt is reamed to 
proper size at die factory. See Fig. 4.43, page 193. 

Thin pieces of metal called shims are sometimes used when spun bear- 
ings are employed. These can be peeled or filed thinner to compensate 
for wear of the bearing and also to secure the correct bearing clearance 
between the connecting rod and the crankshaft. 

Connecting rods in American passenger cars are made of steel forgings, 
although aluminum alloys have been used both in this country and in 
Europe. 

Firing Order 1-34-2 



Fig. 3.8— Crankshaft and piston assemblies 


Crankshaft— The crankshaft, together with the connecting rod, con' 
verts the power delivered to the piston by the burning gases from an up- 
and-down (reciprocating) motion to a rotary motion (Fig. 3.8). In opera- 
tion it applies the principle of the simple machine known as the wheel and 
axle. The crankshaft is made from a steel forging or casting and is ma- 
chined and ground to provide suitable journals for the connecting-rod and 
main bearings. 

The main hearings fit around the crankshaft journals so as to hold the 
crankshaft on the axis around which it rotates. 
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Most main crankshaft bearings are of the type employing separate split 
shells of babbitt backed by steel or bronze (Fig. 4.43). They are held in 
place by removable caps bolted to the crankcase. Shells of copper-lead or 
cadmium-silver backed with bronze or steel, designed to give longer serv- 
ice under high speeds, recently have appeared on several cars. 

The number of main bearings varies with the design of the engine 
and number of cylinders. There must be at least two— that is one at the 
front and one at the rear of the crankshaft— and there may be as many as 
nine. The maximum number on a given engine cannot exceed the num- 
ber of crankthrows plus one, that is, one between each crankthrow and 
one at each end. 

The more main bearings the less possibility of vibration and distortion 
of a crankshaft of given size. To reduce vibration in the engine to a mini- 
mum, the crankshaft and flywheel are balanced separately and then are 
often tested for balance when mounted together. (In recent years a 
method has been developed for "dynamic” balancing the completely 
assembled engine as a single operation. Although individual parts and 
sub-assemblies are still balanced separately, the method eliminates the 
possibility of vibrations caused by an accumulation of slight allowable 
unbalances.) 

! Balance tests are of two kinds— "static” and “dynamic" or “running 
balance” tests. 

In testing for static balance, the part to be tested is laid on “ways” or 
flat bars which are exactly level. If the part tends to roll when placed on 
this level surface, it is out-of -balance. To bring about balance in a fly- 
wheel, small holes are bored in the rim; in a crankshaft, metal is ground 
off at the throws until the part will not tend to roll when placed in any 
position. 

But an engine crankshaft or flywheel which is in perfect static balance 
may not be in correct dynamic balance, because it is possible to prevent 
rolling on a pair of ways, yet not have the weight of all the parts or sec- 
tions of the piece distributed evenly along its centerline; that is, it is 
possible to have the weight equally distributed around the centerline, 
thus giving correct static balance, and still not have the weight directly 
opposite another weight which balances with it. When a shaft is not bal- 
anced dynamically, it will wobble endwise, thus setting up serious vibra- 
tions in the engine. How the crankshaft design aids in engine “power 
balance" and “mechanical balance” will be discussed later in Chapter 7 
on “Multiple-Cylinder Engines." 

In the upper view of Fig. 3.9 the parts are in correct static balance 
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when A equals B and C equals D; but they are not in dynamic balance, 
because the weights which balance each other are not directly opposite, 
or at least nearly so. In the lower part of Fig. 3.9, A v B v C v and D ± are 
all equal, hence the unit is in both static and dynamic balance. 

To obtain the utmost freedom from vibration, counterweights which 
are exactly opposite the crankthrows are usually used. Large main bear- 
ings placed between each crankthrow 
also help to eliminate vibration by sup- 
porting the shaft between the points 
where the differing weights are balanced. 

The parts of the crankshaft from the 
main bearings to the connecting-rod 
bearings are called the crank arms or 
cheeks. The lengLh of the crank arms 
determines the stroke of the engine. 
From the center of the main bearings to 
the center of the connecting-rod bearings 
is one-half the stroke of the engine. The 
parts of the crankshaft inside the con- 
necting rods are called the crankpins; 



Fig. 3.9— Crankshaft balancing 


those inside the main bearings are called 
the main journals. See Fig. 3.8. 


Flywheel.— The purpose of the flywheel is to store up energy necessary 
to carry the engine over the points at which it is not receiving power im- 
pulses from the explosions. The size of the flywheel required, therefore, 
varies with the number of cylinders and the general construction of the 
engine. The flywheel is connected to the electric starting motor by a set of 
teeth cut on its outer rim for that purpose. See Fig. 4.2, page 136. 

Valves and Valve Mechanism.— There are commonly two valves for 
each cylinder— an inlet valve and an exhaust valve. Fuel is admitted to 
the engine by the inlet valve and the burned gases escape through the 
exhaust valve. (Occasionally two inlet and two exhaust valves per cylinder 
are incorporated.) The valves also must seal the combustion space tightly 
when closed or loss of compression will result. To facilitate snug seating, 
the faces of the valves and the valve seats are ground at an angle, usually 
45 deg (Fig. 3.10). This type of valve is called a poppet valve. 

The valve mechanism used on a passenger-car engine depends upon 
the arrangement of the poppet valves employed— whether L-head or 
I-head. 
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Valve head 



Valve stem 


Fig. 3.10— Poppet valve 


The poppet-valve mechanism for the L-head arrangement (Fig. 3.1 1, 
left) consists of the valve, valve-stem guide, valve spring, valve-spring seat, 
valve-spring lock, valve adjusting bolt, lock nut, valve lifter and valve- 
lifter guide. 

Overhead poppet-valve mechanism used for the I-head arrangement 
(Fig. 3.11, right) consists of the valve, valve-stem guide, valve spring, 
valve-spring seat, rocker-arm, push-rod, valve adjusting screw, valve lifter 
and valve-lifter guide. 

When the valve is closed, a slight clearance is necessary in the straight 
poppet valve between the valve lifter and the valve stem; and in the over- 
head poppet valve between the rocker-arm and 
the valve stem. This “valve clearance” allows 
for expansion of the valve stem and other parts 
as the engine becomes heated. 

Valve clearance is always figured to be more 
than the possible expansion of the parts, be- 
cause, if sufficient clearance is not given, the 
valve will not seat properly when the engine 
gets hot and this will cause loss of power and 
pitting of the valves with detrimental results to the engine. It is better to 
have a little more clearance than is needed rather than to have too little, 
in spite of the slight increase in noise of the valve mechanism. 

In recent years "hydraulic valve lifters” have appeared on several cars. 
This valve-operating mechanism prevents backlash by compensating auto- 
matically for differences in clearance and provides quieter valve opera- 
tion. The hydraulic lifter is operated by means of oil which is supplied 
from the crankcase under pressure. When the cam turns to open the 
valve, a hydraulic plunger raises the pressure on the oil in a chamber and 
closes a check valve that traps the oil between the plunger and the valve. 
As the cam acts to permit the spring to close the valve, the pressure in 
the chamber is relieved and the check valve opens. The oil under pres- 
sure cushions the action of the valve mechanism and effects automatically 
any clearance adjustment necessary. 

There is usually more clearance on the exhaust than on the inlet 
valves, because the former, exposed to the exhaust gases, are subjected to 
greater heat, while the inlet valve is cooled by the incoming fuel mixture. 

Valve clearance differs on each engine design because it must be varied 
in relation to the length of the valve stem and the material used in the 
valve. Exhaust valves in modern passenger-car engines are made usually 
of “silchrome” steels, which are special alloys high in silicon and chro- 
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mium, with unusual resistance to heat. In take valves, being subject to 
less heat, are generally made from nickel-chromium alloy steels. 

Exhaust-valve seat inserts are often pressed into the cylinder block to 
reduce wear, prevent leakage, and reduce the frequency of valve grind 
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ings. Inserts are rings of special alloy steels, and are replaceable if neces- 
sary. Usually they are used only as exhaust-valve seats. 

The movement of the valves is actuated by an eccentric projection, 
called a cam, moving on a rotating shaft— the camshaft. As the camshaft 
turns, the cam lifts the valve, but the closing of the valve depends upon 
a spring. These valve springs must have considerable tension to make 
the valves close promptly and prevent them from jumping away from the 
cams, especially at high engine speeds. 

Sleeve Valves.— Although they disappeared from the engines of 
American passenger cars, trucks and buses in 193a, sleeve valves still hold 
much interest as a fundamental type of valve mechanism and because 
they recently have been brought to a high state of development and have 
found wide usage in aircraft engines in England. They are designed to 
provide a quieter valve mechanism, to eliminate valve grinding, and to 
minimize leakage. The valves formerly used in American cars are made 
up of two concentric cylinders or sleeves which are made to slide up and 
down between the piston and the cylinder wall. Slots ift these sleeves 
register with one another at suitable intervals, providing and closing off 
openings into the combustion chamber to admit fresh charge and to 
exhaust the burned gases. This action is essentially the same as that of 
poppet valves except that it is achieved in another way. These sleeves are 
driven up and down by rods that receive their reciprocating motion from 
a special eccentric shaft. 

Aircraft engines usually employ single sleeve valves instead of the 
double sleeve valve just described. The ports or slots in the single sleeve 
register with ports on the sidewalls of the cylinder. The sleeve operates with 
an elliptical motion, a combination of reciprocating and rotary motion. 

Camshaft. — The cam- 
shaft, as previously indi- 
cated, is responsible for 
opening the valves. It car- 
ries one cam for each valve 
to be operated and the 
distance the valve is lifted 
is determined by the dis- 
tance that the lobe of the 
cam projects above the 
rounded base of the cam 
(Fig. 3.1a). 
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Fig. 3.13— Timing gear 
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The rotation of the camshaft is actuated by the crankshaft through a 
set of gears or chains (Figs. 3.13 and 3.14), by means of ■which the cam- 
shaft is made to operate at i / 2 the speed of the crankshaft. 

Valve and Ignition Timing— In describing the operation of the four- 
stroke-cycle engine it was explained that the inlet valve is open during the 



Fig. 3.14— Timing chain arrangement 


suction stroke and the exhaust valve during the exhaust stroke. Now it 
will be shown the exact time at which each of the valves open and close 
with reference to the position of the piston, together with the reasons 
involved in the determination of what those exact times shall be. 

During the suction or inlet stroke, the inlet valve must be open tc 
admit the charge. The charge is drawn into the cylinder due to the pres- 
sure being reduced inside the cylinder as the piston moves downward. 
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Actually, in an overwhelming majority of modern cars, the inlet valve 
opens slightly before the piston starts downward on die suction stroke 
and closes after the piston has started upward following completion of 
the suction stroke. The reason that the inlet valve is opened before the 
start of the suction stroke is that both inlet and exhaust valves are made 
to open and close very slowly, and this timing of the opening of the inlet 
valve is necessary to permit this valve to be open sufficiently during the 
sucdon stroke. The valves are made to open and close very slowly to pro- 
vide quiet operation under modern high-speed conditions. The timing 
of the opening and closing of both inlet arid exhaust valves is, of course, 
controlled by die design of the cams on the engine camshaft. 

The rapid decrease in pressure in the cylinder due to the downward 
motion of the piston causes the gases to rush in to fill up the space above 
the piston. If the piston moves slowly, the mixture will be able to enter 
fast enough to keep the pressure in the combustion space equal to that 
outside. At the high speed at which gasoline automobile engines run, 
however, the piston will reach the end of its downward stroke before a 
complete charge has time to enter through the small inlet valve opening. 
Therefore the pressure in the combustion space will still be below that of 
the atmosphere. If the inlet valve closed at this point so that no more mix- 
ture could enter, the combustion of the partial charge would exert less 
pressure on the piston during die power stroke than would combustion of 
a full charge. The inlet valve is permitted to remain open, therefore, un- 
til the piston reaches a point in its next upward stroke (the compression 
stroke) at which the pressure in the cylinder equals that outside. This 
period varies in different designs, ranging from 28 deg to 71 deg of crank- 
shaft turn in modern passenger-car engines. The piston moving upward 
diminishes the space in the cylinder and compresses the charge ahead of 
it. When under compression, as previously explained, the gas is ready to 
be ignited and burned. 

The combustion of the inflammable mixture produces a certain 
amount of heat. The more rapid and complete the combustion, the 
greater and more sudden will be the rise in pressure. The pressure will 
be greater when the mixture is confined in a small space than when in a 
large space. Since the combustion space is smallest when the piston is at 
its topmost point, the greatest pressure will be obtained if combustion is 
completed at this point. If combustion of the mixture were instan- 
taneous, it would be ignited at this point. But the combustion is not 
instantaneous. Even though the charge burns very rapidly, it burns slowly 
enough to make ignition necessary before the end of the compression 
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stroke if combustion is to be nearly complete as the piston comes into 
position to move downward again. The instant at which the mixture 
must be ignited to produce this result depends on the speed of the piston. 
The interval between the ignition of a good mixture and completion of 
its burning does not vary to any great extent in different designs. When 
the piston is moving slowly, the mixture may be ignited toward the end 
of the compression stroke, for there will be sufficient time for complete 
combustion by the time the stroke is ended. When moving at high speed, 
as in practically all modern automobile engines, ignition must occur 
much earlier in the stroke, as otherwise the piston will have completed 
the compression stroke and begun to move downward on the power 
stroke before the mixture is sufhciendy burned. The instant at which 
ignition occurs also depends on the mixture that is used, since this makes 
a difference in the rapidity with which it burns. The more uniformly the 
gasoline and air are mixed, the faster and more completely the mixture 
will burn and ignition may occur later in the stroke than would be pos- 
sible with a less homogeneous mixture. The instant at which ignition 
occurs may be controlled by causing the spark to take place earlier or 
later. In modern cars this control is usually accomplished by two auto- 
matic devices: a speed control using a flyball governor in the distributor 
head and a vacuum control operated from the intake manifold. 

When ignition occurs early in the compression stroke, the spark is said 
to be “advanced.” A “retarded” spark occurs when the compression 
stroke is more nearly complete at the time ignition occurs. 

If the spark is advanced too much, combustion will be complete before 
the piston has reached the end of its compression stroke. The momentum 
of tire flywheel would then have to force the piston upward against a 
resulting pressure in order to get it into position to move downward on 
the power stroke. In such a case, the momentum of the flywheel might 
not be sufficient to overcome the pressure and the engine would stop or 
“stall." 

If the spark is too long retarded, however, combustion of the charge 
will be completed too long after the piston has begun to move downward 
on the power stroke. The pressure will then be reduced because the com- 
bustion will have taken place in a larger space— and the piston conse- 
quently will be moved downward with less force. If the spark is still fur- 
ther retarded, combustion may not be completed by the time exhaust 
begins. The heat from only a portion of the mixture will then be utilized 
because the gases will still be burning as they are forced out of the 
cylinder. 
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The position at which the spark occurs should be governed by the 
speed of the engine. Suppose that efficient combustion is being produced 
at a given engine speed with a given spark setting. Then, if the speed 
of the engine is increased, there will be insufficient time for efficient com- 
bustion unless the spark setting is advanced, since combustion requires a 
certain amount of time regardless of the piston speed. Therefore, the 
spark should be advanced as the engine speed is increased. 

While the high compression of the charge improves its quality and 
results in combustion being more rapid and complete, it has limits. If 
carried too far, the heat generated by the compression will be sufficient to 
ignite the mixture. This "pre-ignition” would have a bad effect on the 
operation of the engine, for the pressure then would be produced at the 
wrong point in the stroke, retarding instead of assisting the revolution of 
the crankshaft. 

As the piston is forced downward by the expanding gases, it has been 
found necessary to open the exhaust valve before the piston reaches the 
end of the stroke. Even though this wastes some of the force of the ex- 
pansion, the freedom afforded the piston in commencing the exhaust 
stroke amply compensates for the waste. By opening the exhaust valve 
before die piston reaches the end of its power stroke, the gases have an 
outlet for expansion and begin to rush out of their own accord. This 
removes the greater part of the burned gases, reducing the amount of 
work to be done by the piston on its return stroke. 

Obviously, it would be wrong to keep the exhaust valve closed up to 
the very moment when the piston is about to move upward, for then, 
when beginning the exhaust stroke, the piston would be confronted for 
an instant with the force which had just driven it downward— and, until 
the valve was wide open, there would be a considerable loss of power. If 
the exhaust valve opens too early, on the other hand, there is a waste of 
power because the gases are exhausted when they still could exert a pres- 
sure on the piston. 

During the next upward stroke, the remaining gases are forced out of 
the open exhaust valve as the pressure in the cylinder exceeds that in the 
exhaust manifold. This causes a slight compression of the gases ahead 
of the piston and, when it reaches its topmost position, there will be a 
certain amount of compressed exhaust gases in the clearance space. 

If the exhaust valve is closed at this point, a large portion of these 
gases will be retained in the cylinder. 

The best results are obtained, not by closing the exhaust valve at the 
end of the exhaust stroke, but a short time after the piston has begun to 
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move downward on the next suction stroke. This is the practice on all 
modern American car engines. 

It might appear that this would result in drawing the exhaust gases 
back into the cylinder. Two conditions, however, prevent such drawing 
back: (1) the gases under compression exceed the pressure in the manifold 
and will continue to flow out due to this difference in pressure; (2) the 
piston, while at the top of the stroke, moves but very little for 10 to 15 
deg movement of the crankshaft. This does not materially increase the 
combustion space, as reference to Fig. 3.15 shows cl ear ly. 



A. B C 

Fig. 3.15— Rock of piston 


It will be seen in Fig. 3.15 that, when the crank arms are in a position 
shown at Aj for a certain number of degrees movement of the crank- 
shaft, the piston will move upward for a certain distance. When the 
crank arms are at point B , for the same number of degrees turning of the 
crankshaft, the distance moved by the piston will be less. When the crank 
arms are at point C, for the same number of degrees, there is very little 
upward movement of the piston. Between certain points it can be seen 
that there is practically no motion of the piston. Travel in this region is 
called the ‘‘rock of the piston." Usually it is in this region that the ex- 
haust valve is closed after top dead-center. 

The exact timing of valves of a representative group of modern pas- 
senger-car engines is shown in an accompanying table, from which 
comparisons may be made as to the time the valves open and close on 
different designs. It will be seen that the point at which the inlet valves 
open is somewhat different in various engines, because of difference in 
design. 

The point at which exhaust valves open also varies and depends upon 
the same conditions as the closing of the inlet valve. 
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Valve Timing Adjustments.-Ignition timing probably will be 
checked more than one hundred times for every time the valve timing is 
checked when working on an engine. They are two entirely different 
operations but, as previously shown, they are very much related to one 
another. 

VALVE TIMING 


DC, Top Dead Center 


B, Before Top Dead Center 

Intake 

Exhaust 

A, After Bottom Dead Center 

Open 

Close 

Open 

Close 

Buick 40 Special; 50 Super 

i 3 °B 

68°A 

55°» 

22“A 

Buick 60 Century; 70 Roadmaster; 80 Limited; 90 Limited 

h-b 

71 “A 

6 6°B 

25°A 

Cadillac V-8 62; 60S; 7s; 75 

DC 

42"A 

5 2°B 

io°A 

Cadillac V-16 

6'B 

28“A 

44°B 

12'A 

Chevrolet Master 85; DeLuxe 

3°B 

35°A 

4G°B 

5°A 

Chrysler Royal 6-625 

te'B 

44°A 

S°°B 

6“A 

Chrysler 8-C 26; Crown Imperial 8-C 27 

6-B 

50°A 

44° B 

1 S°A 

De Soto 6-57 

12°B 

44°A 

50° B 

6°A 

Dodge 6, D14; D17 

6°A 

46-A 

42°B 

8°A 

Ford V-8 60 


54%°A 

57%°B 

6%”A 

Ford V-8 85; DeLuxe 

DC 

44°A 

48°B 

6°A 

Hudson 0-40; Super 6-41; Country Club 8-44. 45, 47 

i°%°B 

6o°A 

50°B 

18%° A 

LaSalle V-8 50, 52 

DC 

4 s°A 

5*°B 

to°A 

Lincoln-Zephyr 12 

io%“B 

35%° a 

6o°B 

8°A 

Mercury V-8 

DC 

44°A 

48"B 

6°A 

Oldsmobile 6-60; 6-70 

5°B 

45'A 

45°B 

b°a 

Oldsmobile 8-90 

DC 

35-A 

45°B 

io°A 

Packard no; 120 

i°B 

S9°A 

45°» 

5°A 

Packard Super 8 

4°B 

51'A 

49"B 

io”A 

Plymouth 6-P9; Pio 

G“A 

46°A 

4 2»B 

8“A 

Pontiac 6 (40-25; 40-26); 8 (40-28; 40-29) 

S°B 

39°A 

45°B 

5°A 

Studebaker Champion 6; Commander 6; President 8 

i5°B 

49° A 

54°B 

io°A 

Willys 440 

9°B 

5o°A 

47»B 

I2°A 


Manufacturers design and time valves so that they will open and close 
in relation to piston travel to give the maximum performance to the 
engine. If this relationship between valves and piston is changed even 
slightly, the efficiency of the engine will be lowered in one of the follow- 
ing manners; 

Intake Valve.— Early opening and late closing are caused by having 
too little or no clearance between valve stem and lifter. Before the valve 
closes as the piston goes up on the compression stroke, some of the gas 
will be pushed back into the intake manifold, weakening the mixture. 
Late opening and early closing is caused by too much clearance between 
valve and lifter. In this case the valve will not be open long enough to 
take in the proper quantity of mixture to give full power. 

Exhaust Valve-Early opening and late closing results from little or 
no clearance. Since the exhaust valve opens near the bottom of the 
power stroke, an earlier opening than specified means wasted power. 
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and early closing are caused when there is too much valve 
lis condition causes an inefficient mixture, since all of the 
Des not have a chance to he expelled from the cylinder, and 
remaining gas dilutes the incoming fresh mixture. It tends 
a back pressure on the piston. 

oing conditions could happen to any one or more valves of 
:e each lias its own adjustment. The effect is that the engine 
smoothly or loses power. The more valves out of adjust- 
irse the condition would be. The remedy is to adjust the 
:arances to factory specifications. 

rks on the timing gears or sprockets are not lined up prop- 
valves will be out of time, and the engine will run very 
all. An engine equipped with timing gears and properly 
lever get out of time unless, of course, the camshaft gear or 
itself should break, neither of which happens very often, 
pped with timing sprockets and chain rarely give trouble 
chains are adjustable and some are not. Chain wear eventu- 
ige the valve timing a little. Late valve opening means that 
vorn and should be renewed. Replacement also is the only 
procket wear. 

in some worn timing chains may be taken up by a sprocket, 
also to run the generator. The timing chain sometimes gets 
it will "jump a tooth” or more and throw the valves out of 
ndicates that the adjustment is too loose, or the chain has 
eeds replacing. Re-timing the valves will, of course, be 

:nt of ignition timing is discussed in a later chapter, follow- 
scription of the automobile electrical system. 

ikcase acts as the base of the engine. It supports the crank- 
nshaft in suitable bearings and provides the arms or brackets 
ig the engine on the frame. 

l the cylinder block and the crankcase must be considered as 
:s from a functional standpoint, physically the cylinder block 
er half of the crankcase usually are cast as a single integral 
combined cylinder block and crankcase casting usually ex- 
t distance below the centerline of the crankshaft as can be 
3 . 5 . This casting usually is made of a ferrous alloy or “semi- 
ivide a stronger, harder casting which will give greater wear 
an does a gray iron casting such as commonly was used for 
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many years. Use of this stronger, tougher material permits thinner cast- 
ing walls, thus saving weight and improving cooling, although it is more 
difficult to machine than is gray iron. 

The lower part of the crankcase is called the oil pan. It provides a 
reservoir for the storage, cooling and ventilation of engine lubricating 
oil and encloses the lower part of the crankcase. The oil pan is bolted 
or screwed to the lower flange of the main casting (Fig. 3.5) and usually 
is made of pressed steel or aluminum. 

Engine Mounting.— Automobile engines usually are attached to the 
frame at two, three or four points, according to the type of mounting 
employed. A flexible or elastic medium, such as rubber or springs, usually 
is interposed between the crankcase and the frame at each mounting 
point to insulate the automobile frame and body from vibration and 
noise. 

So-called "floating power” is a method of mounting engines in which 
only two rubber supports are used— one at the front and another at the 
rear of the engine. The front support is located sufficiently above the 
rear support so that a line drawn through the centers of the front and 
rear supports passes through the center of gravity of the engine. On some 
designs, a stabilizing spring is used to help the two rubber mountings 
absorb the engine vibration. 

Other Engine Parts.— In addition to the foregoing important parts of 
an automobile engine are such units as spark plugs, ignition devices, cai’- 
buretors, and manifolds which are discussed later under special headings. 

In recent years, these parts essential to the operation of an engine 
have been supplemented by the addition of a number of accessories such 
as air cleaners, oil filters, automatic chokes, automatic heat controls, and 
other devices, some of which have come to be standard equipment on 
many cars. These additional units are treated on later pages in the con- 
text most suitable to a clear understanding of them. 

QUESTIONS 

1. Describe all the parts of the cylinder block. 

8. Why is the cylinder head cast separately from the cylinder block? 

3. Where is a cylinder-head gasket placed? Describe its construction and 
function. 

4 - Why do pistons have to be smaller than the cylinders in which they 
operate? 

5. Describe how the piston rings are held on the piston. 

6. List all the functions that piston rings have to perform. 
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7. Give the reasons for the joints in a piston ring. Why are the joints 
staggered? 

8. Outline the three ways of fastening the piston pin to the piston and 
connecting rod. 

g. Describe the function of the connecting rod. 

jo. Why does the lower end of the connecting rod have to be split? 

11. What is the function of the crankshaft? 

12. Describe the main bearings of an engine. 

13. Distinguish between “static" balance and "dynamic” balance in crank- 
shaft testing. 

14. How does the flywheel connect the starting motor with the crankshaft? 

15. Why must there be a clearance between the valve lifter and the valve 
stem? 

16. What returns a valve to its seat? Explain. 

17. How do valve-seat inserts provide greater engine life? 

18. Describe how the camshaft opens the valves. 

19. Outline the several ways in which the crankshaft is made to turn the 
camshaft. 

20. Why are valve timing and ignition timing so closely related? 

21. What three mechanisms have to be synchronized in engine timing? 
How is it accomplished? 

22. What change has to be made in ignition timing to provide maximum 
efficiency as the engine speeds up? 

23. Explain why exhaust valves are opened before the piston reaches the 
end of its power stroke. How is the amount of advance opening expressed? 
Explain. 

24. Why are inlet valves allowed to remain open during a portion of the 
compression stroke? How is the extra time that they remain open expressed? 
Explain. 

25. Distinguish between the crankcase and the oil pan. 

SUGGESTED PROJECTS 

« 

An "L"-head engine will serve best for demonstrating the engine parts and 
their functions: 

1. Remove the cylinder head, timing gear case cover, and valve cover plate. 

2. Crank the engine with a hand crank and note the action of the valves 
in relation to the pistons. 

3. Continue to crank the engine and examine the action of the camshaft on 
the valves. 

4. Determine from the camshaft gear rotation in relation to the crankshaft 
gear rotation their relative shaft speeds. 

5. Removal of the oil pan after draining the oil will reveal the crankshaft 
and the connecting rods. 
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CHAPTER 7 

MULTIPLE-CYLINDER ENGINES 

Numerous problems in engine operation can best be met by the use 
of many cylinders. Such considerations as engine balance and vibration 
are most prominent among these problems. Many cylinders again bring 
with them the problem of proper firing order which is interrelated with 
engine balance and vibration. 

General Considerations of Engine Balance.-When an engine is in 
balance, it has both "power balance” and “mechanical balance.’’ An 
engine is said to be in power balance when the power impulses occur at 
regular intervals with relation to the revolution of the crankshaft and 
e ach power impulse exerts the same force. Mechanical balance is obtained 
in an engine when the moving parts, both rotating and reciprocating, are 
arranged so that they counterbalance in operation and thereby minimize 
vibration. Balance of engines having different numbers and arrange- 
ments of cylinders will be explained in detail, along with their firing 
orders, later in this chapter. 

The rotating parts of an engine can be balanced mechanically by 
bringing them into “static" and "dynamic" balance as explained in a 
previous chapter. The crankshaft and flywheel are the principal parts of 
an engine to be balanced mechanically. 

Bringing the reciprocating parts into mechanical balance, however, is 
not such a simple problem. The weight of the pistons and connecting 
rods, moving one way and then the other, produces considerable vibra- 
tion. The crankshaft is subjected to shocks in bringing these parts to a 
stop at the end of each stroke. These shocks on the crankshaft are called 
"primary inertia forces” and are increased in intensity by the gas pressure 
on the pistons at the end of the cycle. All engines also have ‘‘secondary 
inertia forces” caused by the angularity of the connecting rods which, 
when not balanced, cause "secondary vibration.” In a well-designed en- 
gine every piston and connecting rod is of the same weight within accurate 
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limits, and the flywheel and crankshaft assembly has a perfect dynamic 
balance. By this practice much of the vibration is minimized. 

One manufacturer began in 194° to balance dynamically every com- 
pletely assembled engine, including clutch, flywheel, and accessories, thus 
permitting a much closer balance of the complete engine. The purpose 
of this procedure is to eliminate any possibility that the slight unbalance 
tolerated in the rotating or reciprocating parts might all be on one side, 
causing a “stacking up’’ of unbalance, resulting in vibration. 

Vibration.— Every well-balanced engine must eliminate or minim ize 
several important types of vibration either through the original design or 
subsequently added expedients. 

"Torsional vibration” of the crankshaft is caused by the winding and 
unwinding (or twisting and untwisting) of the crankshaft resulting from 
the application and release of the power impulses on the crank throws of 
the crankshaft. If the crankshaft is relatively small in diameter in pro- 
portion to its length, it is obvious that this effect will be greater than for 
a shorter, thicker crankshaft. It can be understood that crank throws 
that are close to the flywheel transmit their forces to the flywheel (which 
resists this twisting tendency) with little twisting or crankshaft “wind-up.” 
The crank throws at the front end of a six- or eight-throw crankshaft, on 
the other hand, have a considerable length of crankshaft between them 
* and the flywheel to wind and unwind with each power impulse. As a 
result there is a proportionate increase in twist resulting from the power 
impulses on these forward crank throws. Every crankshaft has an in- 
herent natural period or frequency of vibration. If the frequency of the 
torsional vibration caused by this winding and unwinding of the crank- 
shaft should correspond to its natural period of vibration (be in “reso- 
nance”), the vibration would become excessive, with serious results, such 
as crankshaft breakage. Speeds at which resonance might occur are called 
"critical speeds.” 

A number of methods are used to minimize crankshaft torsional vibra- 
tion. One is to design the crankshaft so that its basic or highest critical 
speed is above the maximum speed of the engine, and to damp out the 
torsional vibration that occurs at lower speeds by special means or by 
natural bearing friction. Most six- or eight-cylinder automobile engines, 
however, because of their relatively long crankshafts and high speeds, 
depend upon torsional vibration dampers to neutralize torsional crank- 
shaft vibration. One of several types usually is mounted on the front end 
of the crankshaft. One type, called a “harmonic balancer” is provided 
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with an inertia weight which is set in vibration by the torsional vibration 
but, because its motion is out of phase or opposite to that of the crank- 
shaft, it tends to neutralize the crankshaft's vibration or damp it out. 
Another widely used type is composed of a small flywheel held between 
two friction discs. When the crankshaft is subjected to torsional vibra- 
tion, this flywheel does not vibrate because of its mass but continues 
uniform rotation, and the slippage of the flywheel on the friction discs 
tends to damp out the torsional vibration. 

Another type of vibration is caused by the "torque reaction" of the 
connecting rods on the cylinder block as they push against the crankpins 
to cause rotary motion of the crankshaft. If the crankshaft is rotated in 
one direction, the torque reaction of the connecting-rod impulses tends 
to rotate the cylinder block in the opposite direction. Since the connect- 
ing-rod impulses are fluctuating in nature, tire torque reactions on the 
cylinder block also fluctuate or vibrate. This type of vibration is mini- 
mized in modern passenger-car engines either by increasing the number 
of cylinders, or by various methods of mounting the engine on rubber so 
that most of the vibration is absorbed before it is transmitted to the body 
or frame. 

Firing Order.— The sequence in which the power impulses occur in 
an engine is called the firing order. When the cylinders are in line, the 
cylinder farthest in front or nearest the radiator is designated as No. i, 
the one directly behind it is No. a, and so on. With V-type engines, the 
practice as to numbering the cylinders is not uniform; it will be explained 
later, therefore, in discussions of V-8, V-xg, and V-16 powerplants. 

Balance and Firing Order of Various Engines.— Although motor 
vehicle engines of less than four cylinders are rarely found, a knowledge 
of the balance and firing order of engines of one and two cylinders will 
aid in understanding die balance and power sequence of today’s multi- 
cylinder automotive engines. 

Because the one-cylinder engine has but one power impulse for every 
two revolutions of the crankshaft, it is evident that it will not run 
smoothly and quietly, in spite of the compensating effect of a large fly- 
wheel. Due to the relative large size of the cylinder and the time between 
power impulses, the parts must be made large and heavy to withstand the 
resultant rough operation. This fact has led successively to the adoption 
of the two-, four-, six-, eight-, twelve-, and sixteen-cylinder engines. As the 
number of cylinders is increased, the power impulses for each revolution 
of the crankshaft increase in frequency, giving a more uniform torque 
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and smoother operation. Above four cylinders there is no period during 
which some cylinder is not delivering power. Therefore, in an engine 
having six or more cylinders, there is no time at which the flywheel must 
supply all the power required to maintain the engine speed. The more 
cylinders in an engine, the more continuous is the flow of power if the 
power impulses are spaced equally, the less is the vibration, and less work 
lias to be done by the flywheel in storing and releasing the energy. Fly- 
wheels for multicylinder engines, therefore, can be lighter than those 
used in engines with fewer cylinders. Either the same amount of power 
can be generated by a larger number of smaller cylinders, or the power 
output can be increased by adding more cylinders of the same size. 

Power Overlap.— Power overlap can best be understood from a study 
of a four-cylinder engine. In this as in all internal-combustion engines 
using a crankshaft, the length of every stroke is 1 80 deg of crankshaft rota- 
tion. A study of a four-cylinder engine of this type (Fig. 3.16) shows why 
engines of four cylinders or less can have no power overlap. 
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Fig. 3.16 


A four-cylinder engine fires every 180 deg of crankshaft rotation. 
Since the power stroke continues for 180 deg, it can be seen from the 
chart that there will be no time when two cylinders will have any parts 
of their power strokes overlapping. 
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In a six-cylinder engine, however, a power stroke will start every 120 
deg of crankshaft rotation (Fig. 3.17). With each power stroke continuing 
for 180 deg, it is obvious that there will be a 60-deg overlap, that is, while 
one piston is moving through the last 60 deg of its power stroke, another 
piston will simultaneously be moving through its first 60 deg of its power 
stroke. In Fig. 3.17 the portions of the power strokes that overlap are 
labelled IV 


„ / cn/NDOt 



■x M /AIDER 




Fig. g.18— Power overlap charts 


It is clear then that high-speed engines will run more smoothly if they 
contain more cylinders because more cylinders furnish more power over 
lap. (Fig. 3.18.) 
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One-Cylinder Engines.— In die one-cylinder engine (Fig. 3- 1 9) there 
is but one power impulse in two revolutions of the crankshaft resulting 

in an uneven distribution of power, 
as has been explained previously. 
Since there is but one piston and con- 
necting rod which reciprocate with no 
working parts to counterbalance their 
weight, a one-cylinder engine does not 
have mechanical balance. The engine, 
however, can be balanced to some ex- 
tent by the use of counterweights 
attached to the crankshaft and also by 
the use of a flywheel so heavy that its 
momentum produces a comparatively 
steady movement. Fluctuations in the speed of the engine will cause vi- 
bration, even in the best designs of one-cylinder engines, making this 
type undesirable for use in motor vehicles. 
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Fig. 3.19— One-cylinder power- 
balance chart 


Two-Cylinder Engines.-Fig. 3.20 shows a two-cylinder vertical en- 
gine with a 180-deg crankshaft. When in operation No. 1 piston is 
moving outward as No. 2 piston is moving inward, in other words, the 
pistons move in opposite directions. For this reason an engine of this 
construction has good mechanical balance with reference to primary in- 




Fig. 3.20— Two-cylinder 180-deg-crankshaft power- 
balance chart 


ertia forces. If piston No. 1 is moving downward on power, piston No. 
2 can be moving upward on either compression or exhaust. In Table I 
the power balance is worked out with piston No. 2 moving upward on 
compression, and it is indicated clearly that both power impulses occur 
during the first revolution of the crankshaft while there are no power 
impulses during the second revolution. In Table II the power balance is 
worked out with piston No. 2 moving upward on exhaust. This arrange- 
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ment gives a power impulse at the beginning of the first revolution and 
at the end of the second revolution, producing the same result as obtained 
in Table I. In either case there is an irregular production of power which 
sets up vibrations in the engine and causes it to run unevenly. 

A two-cylinder engine that has better balance is the type using the 
same 180-deg crankshaft but with the cylinders horizontal and arranged 
on opposite sides of the crankshaft. With this arrangement the power 
impulses can be spaced evenly. 


Four-Cylinder Engines.— With a four-cylinder engine, a 180-deg 
crankshaft, arranged as shown in Fig. 3.21, always is used. The crank 
arms for Nos. 1 and 4 cylinders project in the same direction, and the 
crank arms for Nos. 2 and 3 cylinders project from the opposite side of 
the crankshaft. 
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Fig. g.21— Four-cylinder power-balance chart 


In the four-cylinder engine. Nos. 1 and 4 pistons are always moving 
in the opposite direction from pistons Nos. 2 and 3. This arrangement 
tends to neutralize the primary inertia forces as, if the pistons are equal 
in weight, they will balance each otheT and give good primary mechanical 
balance. 

The four-cylinder engine, however, does not inherently provide good 
balance of the secondary inertia forces acting on the reciprocating parts. 
These unbalanced inertia forces bring about what is known as “secondary 
vibration,” and their causes can be made clear with the aid of Fig. 3.22, 
which shows the relation of the pistons and connecting rods of a four- 
cylinder engine as viewed from the front. The view at the left shows the 
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crank arms vertical, with pistons Nos. i and 4 at the top of the stroke and 
pistons Nos. 2 and 3 at the bottom of the stroke. If the stroke is 4 in. and 
the connecting rod is 8 in. long, two of the piston pins are 6 in. above 
and two are 10 in. above the crankshaft center, the average distance being 
exactly 8 in. The view at the right shows the crank arms horizontal, with 
all four pistons near, but not exactly at, the middle of the stroke. The 



Fig. 3.22 — Cause of vibration in four-cylinder engines 


connecting rod forms the 8 in. hypotenuse of a right triangle, the hori- 
zontal side of which is 2 in. Computing the third side by difference of 
squares shows the vertical side to be approximately 734 in. 

Therefore, the center of gravity of the four pistons, four piston pins, 
four sets of piston rings, and the upper end of each of the four connecting 
rods is about 14 in. lower when the cranks are horizontal than when they 
are vertical. The total weight of these parts which must be moved up 
14 in. and down 14 in. during each half revolution of the crankshaft may 
be more than 12 lb even for a small passenger car. Thus the vibration 
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has a frequency of twice the engine speed. This is the cause of the vibra- 
tion frequently found in four -cylinder engines at high speeds. Six-cylin- 
der, twelve-cylinder, sixteen-cylinder, and in-line eight-cylinder engines 
are free from vibration of this particular sort. 

Reference to Fig. 3.21 will help to explain the firing order of a four- 
cylinder engine. As No. 1 piston moves downward on power, No. 4 piston 
must move downward on suction; No. 2 piston can be moving upward 
on exhaust or compression and No. g will be moving upward on com- 
pression or exhaust. Table I of Fig. 3.21 shows the power balance with 
No. 2 piston on exhaust and No. 3 piston on compression. Table II shows 
the power balance resulting from No. 2 piston moving upward on com- 
pression and No. 3 on exhaust. With either arrangement the power 
impulses are evenly distributed, that is, they are 180 deg apart. Each 
arrangement gives a different firing order. That of Table I gives a firing 
order of i-3-4~2 and that of Table II, a firing order of 1-2-4--3. Ameri- 
can four-cylinder passenger cars have standardized on a firing order of 
1-S-4.-2. 

Six-Cylinder Engines.— Six-cylinder engines are built with 120-deg 
crankshafts. The crankshaft is arranged so that the crank throws of cylin- 
ders Nos. 1 and 6, 2 and 5, and 3 and 4 are in the same radial plane as 
shown in Fig. 3.23. With this construction there will be six power im- 
pulses during two revolutions of the crankshaft. Because of this arrange- 
ment of the crankshaft with the proper firing order, as explained later, 
the six-cylinder engine, unlike the four-cylinder engine, has perfect in- 
herent balance of both primary and secondary inertia forces. 

By reference to Fig. 3.23 (upper left) it will be seen that, as Nos. 1 and 
6 pistons are starting downward, Nos. 2 and 5 are completing their down- 
ward strokes, and pistons Nos. 3 and 4 are on their upward stroke. This 
is called a left-hand crankshaft. With this arrangement it is possible to 
have four different firing orders with events taking place as indicated in 
Tables I to IV inclusive. If the crankshaft arrangement is such that pis- 
tons Nos. 3 and 4 are finishing their downward stroke as pistons Nos. 1 
and 6 are starring downward and Nos. 2 and 5 are on their upward 
strokes, as shown in the upper-right of Fig 3.23, combinations of firing 
orders as indicated in Tables V to VIII inclusive of Fig. 3.23 are possible. 
This is called a “right-hand” crankshaft. With any of these combinations 
it is evident that the power impulses are evenly distributed and are 120 
deg apart, the only difference being the order in which the cylinders fire. 
The eight possible firing orders are as. follows: 
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Pig. 3.83— Six-cylinder power-balance charts 
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Table I — Firing Order — i-g-5-6-4-2 
Table II —Firing Order — 1-4-5-6-3-2 
Table III —Firing Order — 1-3-2 -6-4-5 
Table IV — Firing Order — 1-4-3-6-3-5 
Table V — Firing Order — 1-3-4-6-5-g 
Table VI —Firing Order— 1-5-4-6-2-g 
Table VII —Firing Order — 1-2-3-6-5-4 
Table VIII —Firing Order — i“5-g-6-2-4 

Of these eight possible firing orders, American six-cylinder passenger 
cars have standardized on 1-5-3-6-2-4 of Table VIII with the right-hand 
crankshaft arrangement as shown in the upper-right part .of Fig. 3.23. 
When the left-hand crankshaft arrangement is employed, the 1-4-2-6- 
3-5 firing order usually is used. 

Eight-Cylinder Engines.— Eight-cylinder engines are found in two 
types in passenger cars— the V-type and the vertical in-line “straight 
eight.” The V-type is constructed by arranging two four-cylinder engines 
to operate from a single crank. The cylinders are set so that their center- 
lines form an angle (usually 90 deg as shown in Fig. 3.24) forming a V 
with the crankshaft as the junction point. As shown in Fig. 3.24, the 




Fig. 3.24 — V-eight-cylinder power balance 
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connecting rods for the cylinders on the right operate on the same crank- 
pins as the corresponding connecting rods on the left. It should be made 
clear, however, that these connecting rods operate independently of each 
other. Therefore, the operations of the cylinder shown at the right in 
Fig. 3 .S4 are always ahead of the cylinders on the left by the same number 
of degrees of crankshaft rotation as the angle of the V that the two banks 
of cylinders make with each other. Since the angle of the V is 90 deg in 

Fig. 3.34, when No. 1 piston on the left is 

at to P dead-center as shown. No. 1 on the 

0 ^ right has completed half of its downward 
stroke. Although the primary inertia forces 
are balanced in V-8 engines, the secondary 
forces are out of balance and tend to induce 
a horizontal vibration which generally re- 
quires the use of a friction damper to 
neutralize it. 

American V-8 passenger-car engines em- 
ploy two methods of numbering the cylin- 

“7 ? T: 7 “7 I' 8 a &inV order of 

at B is userHn F h “ these en S ines ' Th ? arrangement shown 

B is used m Ford and Mercury V-8's with a corresponding firing order 
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Fig- 3. 25— Methods of number- 
ing cylinders in V-8 en gine 
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Fig- 3 26— Typical eight-in-line crankshaft arrangements 
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of 1-5-4-8-6-3-7-2. The firing order selected, of course, determines the 
arrangement of the throws of the crankshaft and the cams of the camshaft. 

Straight-eight engines which have their cylinders in line use a crank- 
shaft with the throws set 90 deg from each other. The crank throws for 
cylinders Nos. 1 and 8 are in the same radial plane, as are the throws for 
cylinders a and 7, 3 and 6, and 4 and 5. The end views form a cross as 
shown in Fig. 3.26. As in all eight-cylinder engines, there is a power im- 
pulse for every 90 deg movement of the crankshaft. The standard firing 
order in American straight eights is 1-6-2-5-8-3-7-4. Cylinders are 
numbered consecutively from the radiator backward, as in all in-line en- 
gines. These engines are more compact in width than are V-8’s; they also 
possess the advantage that the pistons do not bear on one side of the 
cylinder walls due to the angularity of the cylinders. Furthermore, the 
straight eight is inherently a perfectly balanced engine; both primary and 
secondary inertia forces are in balance. 

Twelve-Cylinder Engines— These engines consist essentially of two 
six-cylinder in-line engines, each forming a bank of the V with a common 
crankshaft and camshaft. For this reason V-ig engines are in perfect 
balance regardless of the angle of the V. In 1941 only one line of Ameri- 
can passenger cars was equipped with V-12 engines. The cylinders are 
numbered as shown in Fig. 3.27A, and their firing order corresponding 
to their numbering is 1-4-9-8-5-2-11-10-3-6-7-12. The angle of the 
V is 75 deg. 

Sixteen-Cylinder Engines.— A straight-eight engine makes up each 
bank of this V-type engine. Consequently it is perfectly balanced. In the 
Cadillac sixteen-cylinder engine, discontinued 
in 1 940, the cylinders are numbered as shown in 
Fig. 3.27B with a firing order of 1-4-9-12-3-16- 
11-8-15-14-7-6-13-2-5-10. With eight power 
impulses equally spaced for every revolution of 
the crankshaft, this engine gives virtually a con- 
tinuous flow of power and very smooth opera- 
tion. The angle of the V on this engine is 
135 d eg. 

Engine Balance and Firing Order Service. 

—When it is necessary to install one or more 
new pistons or connecting rods, great care must 
be taken that the weights of the new ones 
(within very close tolerances) are the same as the 
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ones replaced. Otherwise, a vibration will be set up within the engine. 
When installing a complete new set of pistons and connecting rods, how- 
ever, the weights of all the new units set may vary from the old set as 
a whole. In some V-type engines, nevertheless, the new set must weigh 
exactly as much as the original set, comparing piston to piston, or rod to 
rod. This is because the original engine was dynamically balanced with 
the connecting rod and pistons, and any excess in weight or decrease in 
weight will throw the engine out of balance and set up a vibration. 

In most engines the flywheel can be mounted on the crankshaft in 
only one position. It is always safe, however, to put a punch mark on the 
inner circumference of the flywheel next to a punch mark on the crank- 
shaft, so that there can be no mistake in putting the flywheel back exactly 
as it was originally. This is necessary for two reasons: (i) the timing 
marks on the flywheel must be kept in the same relative position to piston 
travel as originally, in order to check valve and ignition timing, and (2) 
the flywheel also has been balanced, and a change of position would affect 
the engine balance. 


yuESiiONS 

i. Distinguish between "power balance” and "mechanical balance.” 
bration DeSCnbe ^ dlfferent methods of minimizing crankshaft torsional vi- 

3. Explain why there is no power overlap in a four-cylinder engine. 

4 V A S * X ' cyllnder en 8 ' ine has a P 0 wer stroke every 120° of crankshaft rota- 
tion. .Explain. 

5. Explain why a four-cylinder engine vibrates inherently, 
der one? ° W ^ * S1X ' cylmder crankshaft be distinguished from a four-cylin- 

1 ‘ S° W d °f - a V ‘ 8 f ankshaft differ from a Straight-Eight crankshaft? 

8- How is firing order related to crankshaft design? 

an ”” y 2 


SUGGESTED PROJECTS 

1. Construct « table similar to Kg. fa „ eight-cylinder engine. 
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CHAPTER 8 

.ENGINE TROUBLES AND REPAIRS 

All parts of the engine are so closely related in their operation that 
discussion of repair and adjustment of a single part cannot be explained 
without simultaneous consideration of related units. Causes of and rem- 
edies for engine troubles, therefore, can best be discussed in reference to 
the following six groups of engine parts: 

1. Connecting-rod assembly (including connecting rod, connecting rod- 
bearings, wristpin and bearings, piston, cylinder wall, and piston rings). 

2. Crankshaft, main bearings, flywheel and crankshaft gear or sprocket. 

3. Valve mechanism (including valves, valve guides, springs, seats and in- 
serts, valve lifters and adjusting screws: rocker arms and push rods for over- 
head valves; hydraulic valve lifters; camshaft, camshaft bearings, and camshaft 
gear or sprocket). 

4. Cylinder head and cylinder block. 

5. Oil pan. 

6. Ignition system, cooling system, fuel system, lubrication system, starting 
and generator 1 systems. 

Connecting-Rod Bearings are loose when too much clearance occurs 
between them and the crankpin on the crankshaft. When this condition 
exists, there will be a light-heavy knock. The loose bearing can usually 
be located by “shorting" out the spark plugs one at a time, with a wooden- 
handled screw driver. The shorted spark plug that lessens the knock is in 
the cylinder with the loose connecting-rod bearing. A loose bearing can 
cause the crankpin to wear more rapidly to an “out-of-round” or “egg” 
shape since each time it knocks there is added wear and strain on the 
same points of the crankpin with each revolution of the crankshaft. An- 
other result of a loose bearing is that the greater clearance between crank- 
pin and bearing is filled with an excess of oil from the oil line, which is 
splashed from the sides of the bearing up on the cylinder wall. This 
excess oil is too much for the piston rings to keep from getting up into 
the combustion chamber, where it is burned with the gasoline and wasted. 

A worn or loose connecting-rod bearing is caused by inadequate lubri- 
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cation, resulting from a lack of oil in the oil pan; oil pump supplying 
insufficient oil because its operation is faulty or because the oil lines are 
clogged; clogged oil dipper; or by an out-of-round crankpin or connect- 
ing-rod bore; by a bent or twisted connecting rod; by a bearing fitted too 
tight to the crankpin; or by oil of unsuitable viscosity. If not repaired 
promptly, loose connecting-rod bearings may crack and fall out, seriously 
damaging the crankshaft because the exposed steel bore of the connecting 
rod would then score or mark the crankpin. A bearing that gets no oil 
at all will “burn out” in a few miles of driving, the friction causing the 
babbitt bearing lining to become so hot that it will melt away into the 
oil pan. 


A connecting rod with the spun type of bearing may be adjusted to 
the specified clearance by inserting or taking out an equal number of 
shims from each side of the bearing. 

The insert or removable type of bearing has no adjustment. When 
this bearing wears, it is simply replaced by another of standard size if the 
crankpin is still true and of original size. Often, when the crankpin is 
worn or out of round, it is advisable to regrind the crankpin to a smaller 
size and install a new undersize bearing insert. Unlike the spun type, 
msert-type bearings may be replaced without removing the connecting 
rod. Undersize bearings are manufactured in stock sizes for convenience. 

In the Ford V-8 one bearing insert assembly is used for two connecting 
rods on one crankpin. The bearing turns in the rod bores and on the 
crankpin. Babbitt bearing metal is on each side of the insert, and there 
is clearance between the bearing and the connecting-rod bores and the 
bearing and the crankpin. 


A great help in locating bearings with too much clearance is an oil 
pressure tank, which supplies oil under pressure through all the oil lines 

^ eng “ e - V s attached after the oil pan has been removed. By 
vatchmg all the bearings, it can be seen which bearings leak too much 

tutT 1 not lKk ' a ° aeb ‘ indica,ing to ° n* * «* - - 


Connecting-rod bearing clearances should run between o.oook and 
o.oo 3 m. Bearing end pia, should run between „.oo> 5 and ^ fn 

engfaeTev Aof! J H a r Wh '17 r “ nnKt “S ™ removed from the 
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will cause rapid bearing, cylinder, ring, piston, and pin wear, because of 
their tendency to oppose the vertical travel of the pistons in the cylinders. 
A connecting rod with a double bend or offset may cause the piston-pin 
hole to be offset from the crankpin hole, but yet be parallel to it. This 
double bend will cause the same damage as the single bend, and should 
be corrected in the same way. ■ 

Wristpins or Piston Pins.— When a piston pin wears or Becomes loose 
in the piston and connecting rod, it causes a high pitched sharp double 
knock at each end of its stroke. It can usually be located by “shorting” 
out die spark plugs, one at a time. When the knock increases in intensity, 
it is an indication that the loose pin is in that cylinder. The sound of 
the knock can be confused with the knock or tap of a valve with too much 
clearance between it and the adjusting screw. 

The only way to correct this condition is to remove the piston and 
connecting-rod assembly. If the piston is made of cast iron, the pin lock 
screw or rings which hold the pin in place may be taken out and the pin 
easily removed. The bushings, whether in the piston or in the connecting 
rod, may be pressed out, and new standard-size bushings installed. The 
bushings are then reamed or honed to proper fit for a new standard-size 
piston pin. All pins, whether fitted to bushings or direct to aluminum 
pistons, have clearances between 0.0001 and 0.0009 in. 

When steel alloy pistons are used, the piston pin is fitted in exactly 
the same way, although bushings are not used in these pistons. An over- 
size pin may be used by reaming the connecting-rod bushings or the steel 
piston bosses to the necessary size. 

Fitting piston pins to aluminum-alloy pistons differs from fitting them 
to cast-iron or steel pistons. Since no bushing is used in the aluminum 
piston, the standard or oversize pin is fitted direct to the piston bosses by 
reaming them to the same clearances recommended for the iron pistons. 
The aluminum piston expands more than the pin when heated to engine 
ru nn i n g temperature. For this reason, the car manufacturers recommend 
that the piston be heated to temperatures ranging from room temperature 
to 212 0 F while the piston pin is being fitted. As with the cast-iron pis- 
tons, some connecting-rod upper ends are fitted with bushings, and some 
with a locking screw. 

Piston-pin wear, bushing wear, and piston-boss wear are to be expected 
after long service, and when it occurs these parts must be repaired or 
replaced. Rapid wear is caused by too much or too little clearance, a bent 
connecting rod, lack of oil, or a loose pin clamp screw. 
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Pistons and Cylinder Walls.-There are no adjustments for piston or 
cylinder wear. There are several processes for building up collapsed pis- 
tons that restore them to their original diameter. 

Piston and cylinder walls will eventually wear out of round and be- 
come tapered. After a car has been driven 40,000 or 50,000 miles, this 
wear begins to produce high oil consumption and perhaps a piston slap 
or knock, as the clearance between the piston and cylinder becomes 
greater than originally specified. The more the piston slaps against the 
cylinder wall, the more it will wear. A loose piston will cause “oil pump- 
ing”; that is, on the intake stroke, when the pressure above the piston is 
less than atmospheric pressure, the oil will pass by the piston to try to fill 
the partial vacuum in the combustion chamber, and will therefore be 
burned and wasted. Oil consumption caused by piston rings will be dis- 
cussed later. 

A piston slap, sounding somewhat like a rattle, can be confused with 
other engine knocks. It usually can be heard on a slow pull. It can also 
be heard when traveling at an even speed afound 30 to 50 mph. 

When this condition exists, it is necessary to enlarge the cylinder and 
install new oversize pistons and rings. Pistons are manufactured in vari- 
ous oversizes for replacement in cylinders that have been enlarged. Special 
equipment for enlarging the cylinder bores for oversize pistons by means 
of honing or boring the cylinder is available through automotive equip- 
ment jobbers. 

All cylinder manufacturers do not specifically state just how much a 
cylinder can be tapered or out of round before it should be enlarged. 
Installation of oversize pistons is recommended if the cylinder bores are 
tapered or out of round from 0.005 to 0.010 in. or over, but mostly above 
0.005 The amount that a cylinder is tapered or out of round can be 
measured with a dial gage made for the purpose. 

Rapid piston and cylinder wear may be due to too much or too little 
clearance; to a bent connecting rod; to oil not being delivered to the 
cylinder wall; to a piston pin fitted too tight; to too much vertical clear- 
ance of piston ring; to a broken piston ring; to a collapsed piston skirt; 
or to a cylinder-head gasket protruding over the cylinder bore and inter- 
fering with piston travel. 

Piston Rings.— The two reasons for replacing piston rings are ex- 
cessive oil consumption and loss of compression. Either one of these diffi- 
culties can be the result of several other engine troubles. To be certain 
that piston rings are responsible, the following test should be made: Take 
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all the spark plugs out and open the throttle wide; insert a compression 
tester in the spark plug holes, one at a time, while turning the engine 
over with the starter. The reading on the compression tester should be 
within 5 or 10 lb per sq in. of the specifications for that engine. If the 
reading is more than 10 lb per sq in. below specifications, it shows that 
either the rings, cylinder-head gasket or valves are the cause of a com- 
pression leak. To prove that faulty rings are the cause, a little heavy oil 
should be poured over each piston and the compression test made again. 
If the test shows up to specifications, the Tings are to blame, because the 
oil acted as a seal for the rings. 

Since installation of new pistons has been discussed previously, only 
the installation of the rings will be considered here. Piston-ring manu- 
facturers differ somewhat as to just how much taper a cylinder may have 
to have their rings function properly. Depending on the design of oil 
and compression rings, recommendations are that oil pumping and com- 
pression can be taken care of by new rings in cylinders ranging in taper 
from 0.005 to 0.025 in. However, some ring manufacturers state that new 
pistons should be installed when cylinder taper exceeds 0.008 to o.oxo in. 

Piston rings may be obtained in sets for the particular engine being 
worked on. They come ready to install without filing, to fit cylinders 
ranging in taper from 0.000 to 0.010 in., from the standard size of the 
cylinder. Other sets may be obtained 0.010 to 0.020 in. and 0.020 to 0.030 
in. oversize rings for oversize cylinders. 

Ordinarily, piston rings can run more than 25,000 miles before they 
need replacing. Rapid wear of the rings is caused by the oils not reaching 
the cylinder walls; a gap clearance that is too small; a bent connecting 
rod; a ring-groove clearance that is too great; dirty cylinders; and too 
much raw gasoline in the cylinder, which will keep the oil from lubricat- 
ing the cylinder wall. 

Crankshaft, Main Bearings, Etc.— Crankshaft-journal and main- 
bearing wear is very much like connecting-rod bearing and crankpin wear. 
The same general causes of lack of oil, dirt, out-of-round bearings or 
journals will also cause rapid wear. The knock caused by loose main 
bearings is a little heavier-sounding than for the connecting-rod bearings. 
It usually can be detected on a heavy pull above 30 or 35 mph, or at 
idling speed. 

As explained previously in the discussion of connecting rods, the oil- 
pressure leak detector will show up any oil leaks in the main bearings. 

Practically every car today has the insert type of main bearings. With 
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some engines the main bearings may be replaced without removing the 
crankshaft; with the others, it is necessary to remove the engine and 
crankshaft. 

If a new bearing is the correct size, the engine will crank over with a 
drag with a shim between bearing and journal of the thickness recom- 
mended by the manufacturer for oil clearance, and will crank over easily 
after the shim has been removed. If the engine cranks over easily with 
the shim in the bearing, it indicates too much oil clearance, and the 
standard-size bearing will not be correct. Excessive clearance is caused by 
a worn crankshaft journal. To compensate for it an undersize bearing 
must be used. Undersizes of 0.001 to 0.002 in. usually are fitted when the 
crankpin is slightly worn, but not out of round. For use when wear is 
extensive, other undersizes from 0.01 in. up are available in stock sizes. 
The crankpin is ground to the proper diameter. All crankshafts that have 
been taken out should be tested for out-of-roundness and taper. Some 
engine manufacturers recommend installing a new crankshaft if the jour- 
nals are found to be worn more than 0.0005 to 0.001 in. Others recom- 
mend grinding or machining as just described. 

While the crankshaft is out of the engine, it should be tested for align- 
ment. If it is bent, it can be straightened in a heavy-duty press. 

Oil should be applied to the bearings before replacing the crankshaft. 

Main-bearing clearances run between 0.0005 and 0.0035 hi. End play 
of the crankshaft as specified by manufacturers runs between 0.001 and 
0.012 in. The end play or thrust is taken by one of the main bearings. 
If it is excessive, the bearing will knock at various speeds; this knock 
sometimes can be noticed when engaging or releasing the clutch. The 
remedy is a new main bearing. 

A loose flywheel will cause a heavy single knock which can be detected 
by racing the engine slightly, then turning off the ignition switch. Just 
when the engine is about to stop, turn on the ignition switch and, as the 
engine “catches hold,” the flywheel knock will be heard. To tighten the 
flywheel on the crankshaft, the clutch has to be removed. Before the 
flywheel is removed, two punch marks should be made side by side, one 
on the flywheel and the other on the crankshaft. When replacing it, these 
punch marks should be lined up. This procedure is necessary to preserve 
the balance of the flywheel and crankshaft assembly provided by the 
manufacturer and to maintain the accuracy of the timing marks stamped 
on the flywheel. 

A loose vibration damper or crankshaft gear or sprocket can be heard 
as a thump or clatter when the engine is allowed to idle vexy unevenly, 
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which can be done by shorting out a spark plug. Vibration dampers can 
be tightened or removed. In some cases it first may be necessary to remove 
the radiator. Although vibration dampers give very little trouble, car 
manufacturers recommend installing new ones when trouble does occur. 
Timing marks, similar to those on the flywheel, are stamped on the vibra- 
tion damper, and the same care must be observed to locate them correctly 
for timing when replacing a damper. Depending on the manufacturer’s 
recommendations, the crankshaft gear or sprocket is removed either with 
the crankshaft or after it has been taken out. Punch marks are stamped 
on the two timing gears, and these marks must be kept in proper relation- 
ship to each other so that the valve timing will be correct. 

Valve Mechanism.— Valve troubles can cause loss of power by pro- 
ducing loss of compression, and weak or lean gasoline mixture. 

The clearance between the valve stem and the valve lifter clearance 
adjusting screw must be kept at factory specifications. If the clearance is 
too great, there will be an audible valve “tap.” Too little clearance may 
cause a burned valve face because not enough time is allowed for the 
valve to cool itself by transfer of heat through the valve seat to the water 
jacket. The valve adjusting screw should be turned to give the proper 
clearance, using a “feeler” gage. Most valves are adjusted when the en- 
gine is hot. Overhead valve clearances have a range as follows: intake, 
0.006 to 0.015 in.; exhaust valves, 0.008 to 0.015 in., all hot. L-head valve 
clearances are between the following limits: intake, 0.006 and 0.013 in.; 
exhaust, 0.008 and 0.013 ^ n -> a H hot. For several L-head engines both 
intake and exhaust valves are adjusted cold between 0.0125 an< i 0.016 in. 

Special long-handled open-end wrenches are used for adjusting the 
clearance screws on L-head engines. A special combination socket wrench 
and screwdriver is employed for adjusting clearance of overhead valves. 

Sticking valves do not close all the way due to a sludge or gummy 
formation on the valve stem just under the valve head. This formation 
causes the stem to stick in the guide before it has closed entirely, causing 
a compression leak. By removing the valve coverplate, the open valve 
usually can be found. The remedy, of course, is to take the valve out and 
clean it. 

A weak or broken valve return spring will cause loss of power be- 
cause the valve will not be returned to its seat as soon as it should. It 
also may cause a rattle. A broken spring can be seen. 

A test with a compression gage (explained previously under piston 
rings) will show loss of compression, due to valves that are not correctly 
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seated, This indicates that the leaky valves need to be ground into the 
seats. Springs should be checked in a special spring compression tester. 
The shop manual will tell the pounds per square inch pressure the 
springs should show at various lengths. If the readings are not within the 
limits specified, a new spring must be installed. 

There are two usual methods of grinding the valves. One is to grind 
them directly to the seat with a hand grinding tool and grinding com- 
pound. The other method is to reface the valve in an electric valve- 
refacing machine. After refacing, the valve is then ground into its seat. 
Care must be taken that the tefacing machine is set for the proper valve 
face angle. 


In conjunction with both of the foregoing methods, if the valve seat is 
found to be very much pitted and in bad condition, it will &e necessary 
to bring it back to its original condition with a seat cutter or grinder. 
After restoring the seat to good condition, the valve is ground into it as 
explained. Valve-seat inserts are always trued up with a grinder, and the 
refaced valve installed directly without use of grinding compound. There 
is on the market a tester designed to check the seating of valves. It is 
placed over the valve, closed, and air is pumped into it. A dial shows 
whether or not the air is leaking past the seat of the valve. 

Before replacing the valves, the guide should be checked for clearance. 


Intake valve-stem clearances run between 0.0006 and 0.00375 In., and for 
the exhaust between 0.0006 and 0.005 In. A quick test is to try a new 
valve in the guide and note by feel the difference in play between it and 
the old valve. If the valve is worn, it should be replaced with a new one. 
If the guide is worn, it should be removed and replaced with a new one. 

Too much stem clearance for the intake valve will cause a weak mix- 
ture because, when the valve is open on the intake stroke, air will be 
sucked into the cylinder between the stem and the guide. Although a 
new valve or guide or both will give the correct clearance, there is on the 
market a part similar to a small piston ring which can be put on the valve 
stem to give the proper clearance between stem and guide. Other results 
of too much clearance are noise, bent valve, and warped valve head, the 
latter causing improper seating. 

Although valve lifters are the source of little trouble, they can be re- 
moved easily for replacement in some engines when the valves are off the 
engine, by merely lifting them out. In other engines, it is first necessary 
o remove the camshaft, after which the lifter is removed from below. 

The camshaft should last as long as the car itself, although the babbitt 
or bronze bearings in the cylinder block on which the camshaft turns will 
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wear eventually under normal conditions. Dirt or lack of lubrication, 
of course, will cause the bearings to wear faster, and possibly damage the 
camshaft journals. In this case, both a new camshaft and bearings would 
be necessary. 

To replace the camshaft bearings, it is first necessary to remove the 
camshaft. Depending on the manufacturer's recommendations, some of 
the newer bearings may have to be reamed to the proper clearance; others 
will require no reaming. Camshaft-bearings clearances run between 
0.00075 an< l 0-0035 i n - 

The camshaft end play must be between 0.00s and 0.008 in. 

Occasionally the timing gear on the camshaft will need replacing due 
to wear or breakage. On some engines this gear may be removed without 
taking out the camshaft. On others, the gear must be pressed off after the 
camshaft has been removed from the engine. Other engines have cam- 
shaft and gear assemblies that must be replaced as a unit. 

When installing the gear or sprocket and camshaft on the engine, it 
must be lined up carefully with the gear or sprocket on the crankshaft 
so that the valves will be opened at the proper time in relation to pis- 
ton position. This is called “valve timing’’ and was discussed fully in 
Chapter G. 

After assembling all the parts, the valve clearances should be checked 
and readjusted. 

Trouble with hydraulic valve lifters arises from particles of dirt 
around the plunger or ball check, not enough oil in the oil pan, a clogged 
oil line, or the wrong clearance between the valve stem and top of 
plunger. When it is necessary to remove the assemblies, they should be 
marked so that they may be replaced under the same valves. It is very 
important that the plunger be replaced in the cylinder from which it was 
removed, as these parts are fitted in matched sets at the factory for proper 
oil clearance. In the Lrhead type of valve, with the valve closed and the 
plunger down in the cylinder as far as it will go, the clearance should not 
be less than 0.030 in. nor more than 0.070 in. One make of car specifies 
that this clearance is taken care of automatically. 

Cylinder Head and Cylinders.— Cylinder-bore and main-bearing wear 
having been discussed previously, this section will deal with the relation- 
ship between the cylinders and the cylinder head. The main and rare 
trouble that could affect the cylinder head itself is warping. A long steel 
scale across the machined surface will show whether the head is warped. 
The best remedy is to put on a new head. If the warpage is slight, the 
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head can be machined, but not more than enough to produce a true sur- 
face. By removing too much metal, the compression ratio specified by 
the man ufacturer would be increased, probably affecting the efficiency of 
the engine. A thicker cylinder-head gasket, however, could be used to 
compensate for the metal removed in machining the head. 

AH cylinder heads, whether of cast iron or aluminum or of the L-head 
or the overhead-valve type, should be tightened down with a torque 
wrench to the manufacturer’s specifications. Uneven tightening causes 
distortion of the cylinder block, which, in turn, will not allow the valves 
to seat squarely, eventually warping them with loss of compression as a 
result. Such distortion will also cause excessive piston, cylinder-wall, and 
piston-ring wear since the cylinder is not in accurate alignment with the 
connecting rod and crankshaft. It also is possible that the cylinder-head 
gasket will blow out qr leak. 

All cast-iron cylinder heads first should be tightened down cold when 
reinstalled, in the order specified by the manufacturer in regard to the 
nuts or cap screws. (New cylinder-head gasket should always be used.) 
Then tighten tire nuts in the specified order with a torque wrench to the 
specified tightness after the engine has been warmed up for a while. 
Aluminum heads should be tightened only when cold. 

Oil Pan.— Some oil pans are removed easily by simply draining the 
oil and removing die cap screws that hold it to the engine block. To re- 
move others it is first necessary to take off the steering tie rods. For a third 
construction it is necessary to remove the steering rods and jack up the 
front end of the engine after having removed the front engine bolts; and 
for a fourth group, only the front engine bolts must be removed and the 
engine jacked up. 

Except to clean it thoroughly with gasoline to get all the heavy sludge 
out so it will not clog the oil system, little service is necessary for the oil 
pan. In one make the engine copper tubing is installed in the oil pan 
so that oil is spurted into the connecting-rod oil dipper, thereby supplying 
the bearing with oil. This tubing and connecting-rod dipper must be in 
alignment according to factory specifications. New gaskets should always 
be put on the oil pan when replacing it. 

Other Engine Units.— The service notes just completed are for the 
engine unit only. Other vitally important parts that compose the engine 
assembly are the ignition system, cooling system, fuel system, lubrication 
system, starting and generator systems. Owing to their importance, each 
will be taken up separately in other chapters following. 
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QUESTIONS 

I. How can the presence of loose or worn connecting-rod bearings be 
detected? 

3. What are the causes of wear in connecting-rod bearings? How are they 
made serviceable again? 

3. How can a wristpin knock be distinguished from other knocks in the 
engine? 

4. How does the fitting of wristpins to aluminum-alloy pistons differ from 
fitting them to cast-iron or steel pistons? 

5. List all the indications of cylinder-wall wear. 

6. Outline the different methods of repairing an engine that has worn 
cylinder walls. 

7. What steps can be taken to determine the cause of a compression 
leak? 

8. What determines whether or not an engine’s efficiency can be in- 
creased by the installation of new piston rings? 

9. Describe all tests that a crankshaft should he put to before it is 
re-installed in the engine. 

10. How can a loose vibration damper or crankshaft gear be detected? 

II. Outline the steps to be taken in adjusting valve clearance. 

13. Why do valves have to be ground? 

13. How does a valve-seating tester check the seating of valves? 

14. Why should the nuts on cylinder heads be tightened down when 
reinstalling in the order specified by the manufacturer? 

15. Describe the use of a torque wrench. 

16. Why should you use a new cylinder head rather than attempt to 
straighten a warped head by machining? 

17. Why should new gaskets be used in all cases of parts replacements? 

18. Why should aluminum heads be tightened only when cold? 

19. Describe how an oil pressure tank is used to indicate the fit of a bearing. 

20. What advantages do the insert type of bearings have over the spun 
type? 


SUGGESTED PROJECTS 

Service stations and automobile repair shops are repeatedly making the 
tests and performing the jobs described in this chapter. Several visits to them 
will make the material much more easily understood and concrete. Most auto- 
mobile mechanics enjoy answering questions about their work. 
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Introduction.-The power developed by the engine requires certain 
parts to transmit this power to the wheels of a motor vehicle. The appli- 
cation of the engine power to the driving wheels through these parts is 
called "power transmission.” The units comprising the power transmis- 
sion system are much the same on all modern passenger cars and trucks. 
They make up the power train. Their arrangement may vary according 
to the method of drive and the type of units used. In the power train of 
modern automobiles will be found: (1) a clutch; (2) a transmission or gear 
set; (3) driveshaft or propeller shaft; (4) universal joints; (5) rear-axle 
gears or final drive; and (6) axles extending to the wheels (or chain 
sprockets on some trucks). The rear-axle gears are made up of the bevel 
gears and the differential. 

When the power is transmitted to the rear wheels only, as is the case 
with all American cars, the arrangement of the parts is as shown in Fig. 
4.1, The power is transmitted from the engine drrough the clutch to the 
transmission, through the universal joint, then through the propelleT 
shaft to the rear-axle gears. The rear-axle gears transmit the power to the 
rear wheels through the axles. Sometimes a second universal joint is used 
between the propeller shaft and the rear-axle gears. When an overdrive 
is used, it is interposed between the transmission and propeller shaft; its 
housing is usually bolted to the transmission housing. 

In front-wheel drives the powerplant is turned end for end and the 
differential is built into the transmission and universal joints are required 
in the driveshafts on the front axle. 

The following chapters discuss the different units making up the 
power train in the order in which the power is transmitted from the en- 
gine to the rear wheels in American cars. The functions and operation of 
representative types are treated fully. 
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Propeller Shaft Rear Axle Gears 
Fig. 4.1— Automobile power-transmission system 
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CHAPTER 9 

THE CLUTCH 

The Location of the Clutch.— The clutch location can best be seen 
from Fig. 4.1. It lies between the engine and the transmission. The fly- 
wheel which is attached to the back of the engine crankshaft is an integral 
part of the clutch mechanism. The clutch plate, as will be explained later, 
rides on a shaft that extends into the transmission case. 

The function of the clutch is to disconnect the engine from the remain- 
ing parts of the power-transmission system at the will of the driver by 
operation of a foot pedal, thus permitting the engine to run without driv- 
ing the car. The requirements of efficient motor-vehicle operation dictate 
that the clutch be “thrown out,’’ thus disconnecting the engine, when 
starting, when shifting gears, when stopping, and when idling, although 
the engine usually is idled by shifting the transmission or gear set to the 
"neutral” position. The clutch also permits the gradual taking up of the 
load. When properly operated, it prevents jerky motion of the car and 
thus avoids putting undue strain on the rest of the power train units. 

Principles of Operation— A clutch has one member positively driven 
by the engine and the other attached to the transmission shaft. When 
these members are separated, by pushing down the clutch pedal, the en- 
gine will run without turning the transmission shaft, thus permitting the 
gears to be shifted easily, the engine to idle, or the car to be stopped with- 
out stalling the engine. The friction surfaces of the clutch are designed 
so that the driven member slips on the other when the pressure is first 
applied. As the pressure is increased, the driven member is brought grad- 
ually to the speed of the driving member. When the speeds of the two 
members become equal, slippage ceases entirely, the two making firm con- 
tact. The drive is accomplished by the friction between the two members, 
which depends upon the materials in contact and the pressure forcing 
them together. This force is maintained by spring pressure and must be 
sufficient to prevent slipping when the clutch is engaged fully, and the 
surfaces must he of such material as to provide sufficient friction to carry 

1S5 
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the load. When the clutch pedal is pushed down, the spring or springs 
are compressed, thus freeing the engine from the transmission line. The 
clutch must be easy to operate, requiring as little exertion as possible on 
the part of the driver. In modern passenger cars the driven member is 
made as light as possible so that it will not continue to rotate for any 
length of time after the clutch has been thrown out. 


Types of Clutches.— Although there are many types of clutches, the 
dry single-plate type of friction clutch is used exclusively in American 
passenger cars. The word “dry-plate” type is used to distinguish these 
clutches from those that operate in a bath of oil, known as the "wet-plate” 
type. Although of the same general single-plate dry type, passenger-car 
clutches differ in the type of springs used to press the driving and driven 
members together when the clutch is engaged, most designs using a num- 
ber of coil springs but some employing a diaphragm or conical-type 
spring. The type of friction material also varies in different passenger- 
car clutches. Details of these differences follow. 

Fig. 4.2 shows a typical clutch that has been taken apart. The princi- 
pal parts are the driving member, the driven member, and the operating 
members. 


Clutch Plate (Driven Member) 


Starter 

Ring 

Gear 


FI: 


l\'heel 
(Driving 
Member) 


Cover 



Pressure Plate ; 
(Driving Mertiber). 

Fig, 4.2— Parts of a single-plate clutch i 


The driving member consists of a cover which carries a cast-iron pres- 
sure plate or driving disc, the pressure springs, and the releasing levers. 
The cover is bolted to the flywheel and rotates with it at all tiroes/ The 
flywheel acts as a clutch part, the flywheel and pressure plates gripping, the ' 
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driven member between them under the action of the pressure springs. 
To dissipate properly the heat generated by friction in operation of the 
clutch, the clutch housing and cover are provided with openings for 
ventilation. 



; i Fig. 4.3— Clutch pedal 


and operating linkage (left) 


The driven member consists of a disc or plate which is free to slide 
.gthwise 0 n the splines of the clutch shaft but which drives the shaft 
%iro<un thdse same splines. The clutch disc carries friction material on 
'both bearing surfaces. 

The' operating mechanism consists of the foot pedal, the linkage, the 
rei<. ase or throw-out bearing, the release levers, and the springs necessary 
to insure the proper operation of the clutch. 

When the driver presses down on the foot peclal to release the clutch, 
\ the motion is transferred, through suitable linkage (Fi^s. 4.3 and 4.4) to 
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the clutch release fork or lever which moves the release bearing (Fie a A 
forward toward the flywheel. This motion is transmitted to the ends of 
three radial release levers which bear on the end of the release bearing 
The release levers are pivoted to the clutch cover as shown in Fig- a'a 
with their outer ends connected to the clutch pressure plate. It is now 


HOUSING 

FLYWHEEL. 

CLUTCH COVER 

PLATE 
DRIVEN DISC 
RELEASE LEVER 


PILOT BEARli 



CLUTCH RELEASE 
BEARING RETAINER 


CLUTCH RELEASE 

BEAMING support 

sPFRING WASHER 
RELEASE bearing 
•PRESSURE SPRING 


F%. 4.4— Cross section of typical single-plate clutch 
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Fig. 4,5— Typical clutch plate or driven disc 


Pressure 

Plate 


-Weight 


the ends of the torsional springs. The outer spoked portion of the wavy 
plate carries the clutch-plate facings. When the plate is gripped between 
the flywheel and the clutch pressure plate, the wavy lining and clutch 
plate flatten while the clutch plate, 
together with the retainer plate, 
transmits the rotating force to the 
central plate through the springs. 

These torsional springs act to damp 
out torsional vibrations and shocks 
between the engine and the remain- 
der of tire power-transmission system. 

Friction material usually is made 
of asbestos fiber, in either woven or 
molded form, although cork— in the 
form of circular buttons— is used on 
some models. Woven or molded fac- 
ing is riveted to the clutch plate by 
one or two rows of rivets and is 
grooved, as shown in Fig. 4.5. The 
grooves offset the tendency of the 
facing to adhere to the flywheel and 
pressure plate surfaces after full lin- 
ing contact, thus permitting easier 
and quicker release of the clutch. 

Woven clutch facing is made by 
weaving threads of brass or copper 
wire covered with long-fiber asbestos 



Throwout 

Bearing 


Ad 1 usling 
Screw 
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Fig. 


4.6— Semi-centrifugal 
clutch 


type of 
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and cotton. The woven bands or sheets are treated with a bonding solu- 
tion and are then baked and rolled. Molded facings are made from a 
matrix of asbestos fiber and starch. The sheets are rolled, pressed, and 
baked until they are extremely dense and hard, after which they are 
straightened and ground to proper dimensions. 

Many passenger-car clutches are of the "semi-centrifugal” type shown 
in Fig. 4.6 in which the pressure between the plates is increased as the 
speed of rotation of the clutch increases, in proportion to the pressure 

requirements. This is ac- 
complished by means of cen- 



trifugal weights linked to 
the pressure plate so that 
the outward radial pull of 
centrifugal force is trans- 
lated into pressure on the 
plate, this pressure increas- 
ing as the speed increases. 
This construction permits 
the use of relatively light 
clutch pressure springs 
which exert low pressures at 
idling speeds and thus facili- 
tate depressing the clutch 
pedal for gear shifting. 

Although most clutch 
pressure springs are of the 
coil type just described, in 
some models a one-piece 


conical spring is used as 
Fig. 4.7-Method of assembling conical corru- shown in Fig. 4 7 This dia- 
gated dutch spring on pressure plate phragm or conica i spring 


may have a corrugated or 
straight surface. The clutch cover acts as a pivot for the conical pres- 
sure spring. The pressure plate cover, pressure plate, and conical spring 
are held in position as an assembly by six clutch spring retainers located 
in driving lugs of the pressure plate and hooked over ears located on the 
steel cover on one design. The drive is from die flywheel through the 
cover, the conical spring, and to the pressure plate to the driven or clutch 
plate. Conical-spring pressure plates need no release levers. (Fig. 4.8). 

Some conical clutch springs do not have the "constant-rate characteris- 
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tics" common to most coil springs. Instead, the pressure of the spring 
increases until it reaches the flat position and decreases as this position is 
passed. The advantage claimed for this type of spring is that the driver 
does not have to exert such heavy pedal pressure to hold the clutch out 
of engagement as with the coil-spring type clutch in which the spring pres- 
sure increases further when the pedal is depressed to disengage the clutch. 



DISENGAGED 



Fig. 4.8— Conical or Diaphragm Clutch Assembly 


Another frequently employed method of reducing pedal pressure, 
especially during the latter part of pedal travel, is to use an assister 
spring" in the pedal linkage. 

Other types of clutch, none of which is used on modern American 
passenger cars, are cone, multiple-disc and double-plate clutches. The 
double-plate and multiple-disc types, employed frequently in American 
trucks and buses, operate on the same general principles as those set forth 
for the single-plate type. 



142 


UNIT FOUR-POWER TRAIN 


Automatic Clutches— Various types of clutches designed to engage 
and disengage automatically, thus relieving the driver of the necessity for 
operating the clutch pedal during normal driving operations, have ap- 
peared on passenger cars from time to time. These clutches are usually 
operated by centrifugal weights, vacuum, or by electro-magnetic means. 

After disappearing from American passenger cars for a number of 
years, a new design of automatic clutch was introduced in 1941. 

This clutch is engaged or disengaged in accordance with driving re- 
quirements by a vacuum cylinder attached to the intake manifold. The 
operation of the clutch is controlled by the accelerator pedal; the clutch 
disengages when the accelerator pedal is released and engages when the 
accelerator pedal is depressed. A solenoid-operated control valve located 
in the vacuum line makes the automatic feature of the clutch operative or 
inoperative as desired. A clutch pedal is provided which can be used to 
“override" the automatic operation when desired. 

To eliminate free-wheeling in high gear, the automatic clutch does 
not disengage until the speed of the car has dropped to 10 or 12 mph. An 
electric centrifugal governor switch is employed to accomplish this speed 
control of disengagement. 

Dog and Spline Type.— Since this type of clutch is used mainly in 
transmissions, it will be dealt with in the chapter under that heading. 

Fluid Flywheel— Fig. 4.9 explains graphically the principles of the 
fluid flywheel. The device is used either with a conventional clutch and 



Fig. 4.9— Fluid flywheel operating principles 
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transmission, with or without overdrive; or as a part of an automatic trans- 
mission in which case it replaces the clutch. The fluid flywheel consists 
essentially of two identical rotating members as shown. The driving 
member acts as a simple centrifugal pump which delivers oil to the driven 
member or centrifugal motor. Either unit may be the pump and the 
other the motor, depending upon whether the engine is driving the car, 
or vice-versa. Each member has a number of radial vanes which form 
curved radial passages around which the oil travels. Both members are 
mounted inside an oil-filled or partially oil-filled welded-steel housing. 
When the fluid flywheel is in operation, the oil is driven toward the 
outer rim of the faster-moving driving member by centrifugal force, is 
thrown across to the driven member, from whence it travels around back 
to the driving member, thus completing the circuit. The difference bet- 
tween the speeds of the two members, of course, is the slip and, the greater 
the slip, the faster the oil travels around the liquid flywheel circuit. As the 
amount of slip is determined by the torque required by the driven mem- 
ber, the slip, of course, is 100% with the car stationary, but drops quickly 
as the car gathers speed. In some arrangements, it is less than 1 % during 
level cruising above 30 mph. Where the fluid flywheel is installed with a 
conventional clutch and transmission with or without overdrive, it is rec- 
ommended that the fluid flywheel be used instead of the transmission for 
starting either in second or in high gear when operating in fairly level 
country. When used as a part of an automatic transmission, the fluid fly- 
wheel sometimes replaces the clutch. An important advantage of the fluid 
flywheel is the smooth, jerkless acceleration that it effects because of the 
cushioning action of the fluid medium between the two members. It 
cannot, however, transmit torques greater than that of the engine as can 
some types of hydraulic transmissions. 

Clutch Lubrication.— On newer cars the release bearing has its lubri- 
cant sealed inside, and should require no attention for its lifetime. The 
pilot bearing can be lubricated only when the clutch has been removed. 
The pedal shaft has nipples for greasing the shaft each time the car is 

greased. . . 

The wet type requires periodic attention. A plug m the flywheel is 

provided for draining and refilling the clutch housing. This operation 
should be done every 5,000 miles. 

Because of the great variety qf spring pressures and sizes in clutch 
release bearing types, designs and reservoir sizes, a great variety exists m 
the lubricants recommended for these units. Some require engine 01 , 
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some wheel bearing grease, some chassis lubricant, some fluid gear lubri- 
cant, and some require cup grease. 

Over-lubrication of the clutch release bearing may force some lubri- 
cant onto the clutch facings and result in slipping. 

Clutch Troubles.-The clutch is subject to a variety of maladjust- 
ments after having been in service for some time- The remedy for many 
of these maladjustments is suggested almost automatically in a description 
of the ailment itself. One of the causes of a “slipping” clutch, for ex- 
ample, may be lack of free play in the clutch pedal. When this is the 
case, the remedy, obviously, is to adjust the pedal to permit free play. 

Five troubles occurring most commonly in connection with the clutch 
are described in the following paragraphs: 

1. Slipping Clutch.— A clutch is said to "slip” when there is lack of a 
firm contact between the flywheel and the pressure plate of the driven disc 
during the time the clutch is engaged. Under such circumstances these 
two surfaces “slip” over one another, with the result that a much de- 
creased proportion of the power from the engine is carried through to the 
transmission. Such slippage may be the result of a number of causes. 
Some of the most common are: (1) worn lining; (a) glazed lining (the re- 
sult of constant rubbing of dust or dirt between the discs); (3) grease or oil 
on the lining; (4) installation of improper type of lining for the particular 
clutch; (5) improperly installed lining; (6) lack of free play in the clutch 
pedal; (7) uneven adjustment of clutch release levers; (8) bent or sprung 
release shaft; (9) weak or broken pressure springs. 

2. Grabbing and Chattering Clutch.— A properly functioning clutch 
will engage smoothly. If the clutch “grabs” during engagement, causing 
the car to move forward in a series of jerks— or if it vibrates and chatters 
during engagement— some element in the unit is functioning improperly. 
When these symptoms occur, their cause may be: (1) glazed or hardened 
lining (due to dirt and wear); (2) grease on the lining; (3) a bent or tight 
release shaft; (4) splines of the driven plate hub tight on the splines of the 
clutch shaft; (5) a cracked or damaged pressure plate; (6) too much play 
between gears; or (7) worn bearings in the transmission or rear axle. 

3 . Dragging Clutch.— When the pedal is thrown out to disengage the 
clutch, the driven plate may not stop rotating. This is called dragging. 
Dragging may be caused by: (1) too much pedal free play; (2) improper 
release-lever adjustment; (3) a warped driven plate; (4) tight or burred 
splines. 
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4. Rapid Wear of Lining.— Too rapid wear of the clutch lining may 
be caused by: (1) insufficient pedal play (causing a slight amount of slip- 
ping): (2) the operator of the car “riding” the pedal or engaging the clutch 
slowly to start the car in second or high speeds; (3) weak or broken pres- 
sure springs, incapable of squeezing the pressure plate tight enough 
against the driven plate; (4) badly warped pressure plate; (5) incorrect or 
improperly installed lining. 

5. Clutch Noises.— Noises caused by worn bearings in the transmis- 
sion and rear axle can sound as if they were coming from the clutch and 
care must be taken, therefore, before assigning a particular unusual noise 
as coming from the clutch. Noises actually arising from an engaged clutch, 
however, can be caused by: (x) poor alignment between the clutch or 
transmission housing and the engine; (2) worn splines on the clutch shaft 
and driven plate. 

When the clutch is disengaged, noises can be caused by: (1) worn or 
dry release bearing; (a) worn or dry pilot bearing in the flywheel; (3) bind- 
ing or tight release bearing. 

Clutch Adjustments.— On most clutches there are only three adjust- 
ments to be made, two of which can be made without removing the clutch 
from the car— the other only after the clutch assembly has been removed. 

1. Floorboard Clearance Adjustment.— This adjustment is accom- 
plished by means of a screw located near the lower end of the clutch pedal, 
and is designed to prevent the pedal arm from resting against the floor 
board when the clutch is engaged. 

2. Free-Play Adjustment.— This adjustment is accomplished by an- 
other adjusting screw located near the lower end of the clutch pedal arm. 
This screw should be set so that a small amount of free play remains in 

. the pedal after the clutch has been engaged. This free play will insure 
i die clutch being fully engaged and will eliminate any possibility of 
slipping. 

3. Clutch Release- Lever Adjustment.— This adjustment should be 
made every time the clutch is removed from the car, and can be made only 
at such times. A clutch rebuilding machine equipped with a dial gage, 
or a gage plate, is used for making this adjustment to factory specifications. 

To remove the clutch assembly, the transmission must first be re- 
moved. To remove the transmission from a car widx a torque-tube drive, 
it is necessary to slip the rear-axle assembly, wheels and all, back out of 
the way. 
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On a car with the Hotchkiss Drive, it is necessary only to “split" the 
universal joint, drop the propeller shaft and remove the transmission* 
When replacing the clutch assembly, it is necessary to use a pilot or a 
spare clutch mainshaft to line up the hole in the driven disc hub with the 
pilot bearing hole in the flywheel. This is necessary so that, when the 
transmission is replaced, the main clutch shaft will slip through the splines 
in the clutch driven plate hub and into the pilot bearing. 


QUESTIONS 

1. List all the main units in the power train. 

2 . Describe the two main functions of the dutch. 

3. Why is the dutdi placed between the flywheel and the transmission? 

4. What makes the flywheel and the pressure plate both driving members? 

5. List the units in the operating mechanism of the clutch assembly. 

6. Describe how each unit of the operating mechanism mentioned in 
Question 5 serves during the process of “throwing out the clutch." 

7. What is the function of the torsional springs in the clutch plate? 

8. Describe the composition of the several materials used for clutdi facings, 
g. Explain why the pressure between the plates is increased in a “semi- 

centrifugal” type clutch as the car speeds up. 

to. What are the advantages of a “semi-centrifugal 1 ’ clutch? 

xi. How does a conical-spring clutdi differ from a coil spring clutch? 

12. Mention three types of clutches other than the single-plate type. De- 
scribe how they differ from this type, 

13. What are the three ways of operating an automatic clutdr? 

14. Describe briefly the mechanism of the fluid flywhed not used as part 
of an automatic transmission. 

15. When is tlie slippage 100% in a fluid flywheel? 
x6. When is the slippage a minimum? 


SUGGESTED PROJECTS 

1. Examine a clutch plate that has been removed. Note the wear on both 
fadngs. Locate the torsional springs and the splined hub. 

2 . Depress die clutch pedal of a car. Note the amount of free play. De- 
termine from die change in force as the pedal is depressed whether the clutch 
is of the conical or coiled-spring type. 

3. In a disassembled clutch operating medianism determine the total me- 
chanical advantage produced by the foot pedal, linkage, clutch release fork, 
and release levers. 
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CHAPTER 10 


PRINCIPLES OF GEARING 


A-aoft. 


A knowledge of the principles of gearing is essential to an understand- 
ing of the operation of the transmission, propeller-shaft and final drive 
units of the power train. Gears 
are modified simple machines 
such as the lever, pulley, wheel 
and axle, and inclined plane. 

They all serve to multiply force, 
change speed, or direction of mo- 
tion and as connecting devices 

between driving units and driven 4- IQ A 


Fulcrum 


mechanisms. 

A review of tire principles of 
the lever will help demonstrate 
and develop the principles of 
gearing. In the lever (Fig. 4.10 A) 
the force A is usually called the 
effort. In gearing work it is called 
the driving force. Similarly force 
B would be called the driven 
force. The mechanical advantage 
of the lever can be found by the 
ratio of the resistance to the effort. 



Resistance _ Driven Force _ 90 lb _ ' 

= Effort Driving Force 30 lb 

If the lever is moved so that the distance covered by force A (Fig. 
4.10B) is 3 ft (as measured on the arc) and force B also remains perpen- 
dicular to the lever arm, then the work done by the driving force is (30 lb 
X 3 ft) 90 ft-lb. Force B will move through a distance of 1 ft, and the work 
done on the driven force will be (90 lb X 1 ft) 9 ° ft'^ 3 - 
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The law of machines as explained in a previous chapter still holds, 
namely that the work output (work done on the driven force) equals the 
work input (work done by the driving force). This assumes no loss due 
to friction. The mechanical advantage can now be found by dividing the 
distance moved by the driving force A by the distance moved by the 
driven force B . 

„ Driving Force Distance 3 ft 
Driven Force Distance 1 ft 


If force A moved 3 ft in 1 second, force B would have moved t ft in 1 
second. 

^ __ Speed of Driving Force _ 3 ft/sec 

— Speed of Driven Force = 1 ft/sec — ® 

In Fig. 4.x 1 A a weight W is shown supported by a rope wound 



Fig. 4.11— Mechanical advantage of gears 


about a roller R. When the crank C is turned, the rope is wound up on 
the roller, lifting the weight. This machine is called a wheel and axle. If 
the length of crank C is 13 in. and the radius of roller R is 4 in. the 
mechanical advantage of the machine is 3. 

M.A. of a wheel and axle = ° f Wheel 

Radius of Axle 

If the weight W is 300 lb, a force of 100 lb at the end of the crank C 
will just lift the weight W } neglecting friction. The crank arm force will 
move through three times the distance that the weight will be lifted. 

In Fig. 4.1 1B is shown the same weight supported by the rope wound 
on the roller Rot exactly the same size but made fast to the large gear 
wheel G. Meshing with G is a smaller gear or pinion P to which is at- 
tached crank C of the same length as before. When the crank is turned, 
pinion P revolves causing gear G to revolve also and lift the weight W 
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by winding up the rope on roller R. Since gear G has twice as many 
teeth as pinion P (40 to 20), it will take two revolutions of pinion P to 
move gear G through one revolution. Also, because pinion P lias been 
added, the crank C must be turned in the opposite direction. The force 
at the end of crank G will therefore have to move through six times the 
distance that weight W is lifted. The total mechanical advantage of the 
combination will be 6, as the mechanical advantage of the crank and pin- 
ion (wheel and axle) is 3 and the mechanical advantage of the gearing 
arrangement is 2. 

In gear terminology pinion P is the driving gear and gear G is the 
driven gear. The mechanical advantage is found by dividing the number 
of teeth on the driven gear by the number of teeth on the driving gear. 
This ratio is generally known as dre “gear ratio.” From the general law 
of machines it follows that the 

Driving Gear Distance _ Speed of Driving Gear 
Driven Gear Distance — Speed of Driven Gear 
Number of Revolutions of Driving Gear 
Number of Revolutions of Driven Gear 
RPM of Driving Gear 
RPM of Driven Gear 

where RPM means revolutions per minute. 


Gear Ratio = 
or Gear Ratio = 



Fig. 4.12— Rotation of gears 


Example: In Fig. 4. 12 A, if gear G (14 teeth) is the driving gear and gear P 

20 10 

(20 teeth) is the driven gear, the gear ratio is— = -y == 1.43, or 1.43:1. When 

gear G makes 10 revolutions, gear P will make 7 or, if gear G is revolving at 
10 RPM gear P will revolve at 7 RPM. A force applied to gear G will be 
multiplied 10/7 times by the gear combination. 

Classification of Gears.— In the center of Fig. 4 r i$B are shown an 
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internal gear and pinion in mesh. This arrangement insures that both 
gears will turn in the same direction. The gear ratio computation re- 
mains the same. If the pinion P is the driving gear (12 teeth) and the 

. . 48 

internal gear G (48 teeth) is the driven gear, the gear ratio is — = 4:1. 

External gears may be made to rotate in the same direction by inter- 
posing a third gear between them called an idler. (Fig. 4.12C.) An idler 
gear between driving and driven gears makes no difference in the gear 
ratio. 

Gears are classified in other ways: 

1. According to the arrangement of the teeth along the width of the gear: 

a. Straight (spur gears) 

b. Spiral (helical gears) 

c. Double spiral (herringbone gears) 

s. According to the relative position of the two shafts connected by the 
gears: 

a. Parallel shafts (plain or internal gears) 

b. Shafts at any angle in the same plane (bevel gears) 

c. Shafts at any angle not in the same plane (worm gears, hypoid gears) 

Various combinations of these classifications are used in the types of 
gears employed in motor vehicles. Thus, a gear with its teeth arranged 
along its width in any of the foregoing three ways may be designed to 
connect shafts located in any one of the three relative 
positions indicated in the classification. 

The arrangement of teeth in spur gears is straight 
across the face of the gear as shown in Fig. 4.13 which 
illustrates the "plain” type of spur gear with the two 
shafts parallel. Spur gears have advantages of strength 
and simplicity; they generate no end thrust; and can be 
mounted easily for sliding mesh. Since it is difficult to 
mesh fully more than one pair of teeth at a time, spur- 
gear teeth must be strong enough to withstand the bend- 
ing stresses produced by transferring the load from one 
pair of teeth to the next. They are noisier in operation 
than helical or spiral gears. 

On the helical or spiral gears, on the other hand, the gear teeth ex- 
tend “helically’’ across the face of the gears as shown in Fig. 4.14, illustrat- 
ing a "plain” helical gear, The form of the curve, a “helix,” is made by 
a line wrapped around a cylinder, such as is traced by an ordinary screw 
thread'. With this design it is easier to distribute the load among two or 



gears 
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more teeth at the same time. For this reason helical 
gears can be made lighter and can run at high speeds 
without setting up troublesome vibration. Because of 
the angle of their teeth, helical gears set up end thrust; 
therefore, provision must be made in the bearings of 
the shafts carrying these gears for this end thrust. 

When mounted properly, they can be used in sliding 
mesh. Because of their silence and smoothness in 
operation, helical gears are used extensively in passen- 
ger-car transmission and overdrives. Fi g 4 14— Heli- 

The teeth of the herringbone gears (Fig. 4.15) form ca j gears 
the familiar herringbone pattern across the face of the 
gear. Actually they are cut in dual helical form. It is obvious that this 
construction neutralizes end thrust, and cannot be slid out of mesh. 

Bevel gears are usually employed so that power can 
be transmitted from one shaft to another shaft at an 
angle to it but in the same plane. This angle is usually 
90 deg or a right angle as shown in Fig. 4.16. Bevel 
gears are usually of the helical type shown or of the spur 
type. The outlines of bevel gear teeth are generated in 
the form of a pair of cones whose vertexes coincide at 
the point of intersection of their axes. The small gear 
is called the pinion, and the large gear, the ring gear. 
There is, of course, a gear reduction from the small to 
Fig. 4.15— Her- the large gear. When their teeth are straight they are 

ringbone gears ' called spur-bevel gears; when they are helical or spiral, 
they are known as helical-bevel gears. Helical-bevel 
gears are quieter and smoother in operation than the spur-bevel type. 
Helical-bevel gears also permit a greater speed reduction than the spur 

type- 

worm gears are another method of obtaining angular transmission of 
power (Fig. 4.17). They are classified as a special type of helical gear, the 
shafts of which make an angle of 90 deg with each other but are not in 
the same plane. At the same time they permit large gear reductions. As 
shown by the illustration, the worm is provided with threads that take the 
place of teeth on bevel gears. The worm is usually cylindrical as shown, 
but may be shaped like an hour glass. Because of their design there is 
considerable sliding friction between the teeth when they are in opera- 
tion. The heat generated by this friction is minimized by employing dis- 
similar metals for the worm and wheel, usually bronze for the worm and 
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Fig. 4.16— Helical-bevel gears 


steel for the wheel, and by the use of 
suitable lubricants. In aligning the 
worm gear and wheel or ring gear, al- 
lowance must be made for the expansion 
of these gears caused by the heat of fric- 
tion. Worm gears are strong and operate 
quietly. A different size worm may be 
used with the same wheel when it is de- 
sired to change the gear ratio. Worm 
gears are sometimes used in the final 
drives of trucks and have been used in 
passenger cars. 

The large gear at B in Fig. 4.12 is an 
internal gear with the teeth cut on the 
inside of the ring of the gear. The teeth 
may be either of the spur or helical type. 
Use of the internal gear in a “planetary” 
gear set will be explained in the discus- 
sion of overdrives in the next chapter on 
the transmission. Shafts of commercial 
internal gears are always parallel. 

Fig. 4.18 shows a set of hypoid gears. 
These gears are used in the final drive of 
an overwhelming majority of American 
passenger cars. As shown, their shafts are 


at a 90 deg angle, but are not in the 
same plane. They may be defined as a special type of helical-bevel gear in 
which the axis of the pinion is perpendicular to the axis of the ring gear 
but does not intersect with it. This difference in level between the axes of 


the two gears permits the floors of passenger cars to be lower with the same 
axle clearance than when spiral-bevel gears are used. The operation of 
these gears in the final drive of a passenger car is discussed in more detail 
under "Final Drives," in a later chapter. 


QUESTIONS 

1. What is the function of all machines? 

2. How can you determine from a set of gears which is the driving mem- 
ber and which is the driven one? 

3. Outline briefly two ways of determining the gear ratio of a pair of 

meshed gears. * 
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4. What is the function of an idler gear? 

5, Why are internal gears used? Explain. 

.6. Differentiate between helical gears and herringbone gears. 

7. Why are helical-bevel gears preferred to spur-bevel gears? 

8. Outline a method for obtaining the gear ratio of the worm drive shown 
in Fig. 4.17. 

9. What types of gears are found in transmissions? In final drives? 

10. Why are hypoid gears found in the final drives of an overwhelming 
majority of American passenger cars? 

11. List all the parts of an automobile in which gears are used and 
note the type of gear used in each case. 

12. If a driven -gear has twenty-five teeth and the driving gear has five teeth 
what is the gear ratio? 

13. If the driving shaft in problem 1? is moving at a speed of 100 rpm, 
what will be the speed of the driven shaft? 

14. Will the pair of gears in problem 1? produce a mechanical advantage 
or a speed advantage? Explain. 

15. What type of gear must be used to connect shafts that are at right 
angles and.in the same place? 

16. What are the advantages and disadvantages of worm drive? 


SUGGESTED PROJECTS 

1. Examine an old clock or watch, List the types of gears found. Trace 
the transmission of power from the spring to the hands. Determine the gear 
ratio for each pair of gears. 

2. Repeat Project 1 using such gear-containing devices as mechanical toys, 
clothes wringers, radio tuning dials, etc. Determine why the gears are used in 
each case. 
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CHAPTER 11 

THE TRANSMISSION 

Purpose.— To start a motor vehicle from rest, the inertia of its whole 
weight must be overcome. A high percentage of all the power the engine 
has is necessary to do this. If the gasoline engine could develop full twist- 
ing force or “torque” in turning the crankshaft slowly as can a steam 
engine, it would be feasible to transmit the power directly to the rear 
wheels even in starting. But the gasoline engine does not develop its full 
torque when it is Tunning slowly. It has to be working fairly fast before 
it develops anything like maximum power and torque. 

Since much torque is needed in starting, in climbing a hill, and in 
pulling a load whatever the car speed, a means must be supplied to permit 
the engine crankshaft to revolve at the relatively high speed which neces- 
sarily results from production of the desired torque while the wheels turn 
at sIowct speeds. This is accomplished by a set of gears called a transmis- 
sion or gear set, which, in addition to performing the function described, 
itself multiplies the turning force as explained in the preceding chapter. 

Types of Transmissions— i. Selective: which is used in cars and 
trucks and will be described completely in the following pages. 

2. Progressive: which has limited use and is found only in motorcycles. 

3. Planetary: which will be described under the titles Overdrives and 
“Hydra-Matic” Drive where it is used in modern automobiles. 

Selective Transmission.— To secure flexibility of operation, transmis- 
sions in modem passenger cars are provided with three forward speed 
ratios and one reverse ratio. The car driver may select any one of these 
ratios at will by operation of a gearshift lever, usually located on the steer- 
ing column beneath the steering wheel. (Transmissions of trucks and 
buses usually are provided with four or more forward speeds and reverse.) 

The three forward speed ratios are known as “low” or first, "second,” 
and "high” or third. In high gear the clutch and transmission shafts are 
locked together so that the power flows from' the engine through the 

IBB 
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clutch and transmission to the propeller shaft without reduction of speed, 
and the speed ratio of the high gear, therefore, is i : i. As the power flows 
through from the propeller shaft and on through the ring gear and pinion 
of the rear axle, however, the speed is reduced in a ratio of about 4: 1^ in 
American passenger cars. Thus, even in high gear, the rear or driving 
wheels revolve only about one-fourth as fast as does the engine ci ankshaft. 
In second gear, the speed reduction in the transmission is such that the 
speed ratio is roughly about 1.6:1, making a total engine- to-i ear-wheel 
speed reduction of about 6 or *7:1. In low gear the speed ratio in the 
transmission is about 2.5:11 making the total reduction about 10.1. The 
speed ratio in reverse gear is either the same or higher than that in first 
gear. When an overdrive is used, a fourth forward speed ratio is provided; 
in this case the engine crankshaft speed is less than that of the propeller 
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Fig. 4.19— Tlirec-speed and reverse transmission with synchronizing mechanism 

shaft— usually about 72% of the propeller shaft speed. Overdrives will be 
described in detail in a following section. 

Fig. 4.19 shows a three-speed, all-helical-gear, "synchromesh” transmis- 
sion that is typical of American passenger-car transmissions. Such a trans- 
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mission also is classed as "selective” because the driver can select the 
desired gear by movement of the gearshift lever. The main-drive and 
second-speed gears are of the constant-mesh type, that is, their teeth are 
always in contact; only the shifts to first speed and reverse are made by 
shifting the reverse and low sliding gear on the mainshaft. Shifts are made 
to second and high gear and vice-versa by means of sliding jaw clutches 
called “dogs,” which are slid along the mainshaft until the jaws or teeth 
on the dog mesh with those in the hub of tire gear selected. A synchroniz- 
ing mechanism acts to slow down the faster moving of two gears to be 
engaged until the two gears are revolving at the same speed so that they 
can be engaged quickly, noiselessly, and without clashing. Details of this 
synchronizing mechanism and the action of the sliding jaw clutches or 
dogs will be given later in this chapter. See Fig. 4.25. 

Transmissions in American passenger cars are the same type as shown 
in Fig. 4.19, except that some have the main-drive, first-speed, and second- 
speed gears of the constant-mesh type; some have spur-type gears for first 
speed and reverse; and some 
have a different arrange- 
ment of gears. In addition, 
transmissions with four for- 
ward speeds and reverse 
have appeared from time to 
time in higher priced pas- 
senger cars. Trucks and 
buses may use five, six, or 
seven forward speeds in one 
unit. 

The typical three-speed- 
and-reverse, helical-gear, 
synchromesh transmission 
shown in Fig. 4.19 is made 
up of three main parts: the case, the rotating parts with their bearings, 
and the shifting mechanism. 

The case is generally of cast iron and is usually bolted directly to the 
rear of the clutch housing. The case cover usually carries the shifting 
mechanism and seals the transmission against dirt and water. The case 
acts as a container for the bath of oil in which the gears operate; it is fitted 
with filler and drain plugs for the lubricant, a breather to take care of air 
expansion caused, by heating, and sealed mountings for the bearings which 
carry the shafts. 


High-and-second Reverse-and-low 
sliding gear sl 'ding gear 


Main drive gear. 

Clutch shaft 



Countershaft B j \ 
drive gear '“f^/ * 

Countershaft' 
second-speed gear 


Main shaft 

Countershaft 
reverse idler on 
SP" separate shaft 


a Countershaft 
reverse gear 

Countershaft 
low gear 


Fig. 4. so— Principal parts of transmission and 
flow of power in neutral 
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The shafts and gears shown in Fig. 4.20, plus the bearings, jaws, and 
synchronizing mechanism make up the rotating parts. It should be noted 
that Fig. 4.20 and Figs. 4.21-4.24 have been simplified considerably to 
show the flow of power clearly. Usually all gears are helical instead of the 
spur type shown, and the second-speed mainshaft gear itself does not slide. 
The relation of these parts and the flow of power during the different shift 
positions will now be discussed. 

When the transmission is in “neutral,’’ it means simply that the flow 
of power is cut off in the transmission so that rotation of the clutch shaft 
is not transmitted to the mainshaft. This condition permits the engine to 
be started and to run without the car itself being put into motion. Fig. 
4.20 shows how this condition is carried out when the gearshift lever has 
been moved to the neutral position. As shown by the dotted line, power 
flows from the clutch shaft to the countershaft through the main drive 
gear and countershaft drive, gear which are constantly in mesh and keyed 
to their respective shafts. Although the mainshaft and countershaft sec- 
ond-speed gears also are constantly in mesh in the actual transmission, no 
power is transmitted by these gears because, since the second-speed sliding 



clutch or "dog” is not engaged, the main 
second-speed gear is not keyed or splined to 
the mainshaft and, consequently, rotates idly 
on it. Since the reverse-and-low sliding gear 
on the mainshaft is not in mesh with either 
the countershaft low-gear or the reverse-gear 
idler in this position, the engine merely 
turns the main drive gear, the countershaft 


. cluster, and the reverse idler. The mainshaft 
^ 4 81 low* gear P ° Wer m * s a P art distinct from the clutch shaft. Its 

forward end is free, except in high gear, to 
rotate within a bearing mounted at the rear of the clutch shaft. 


The shift from neutral to low gear consists in sliding the reverse-and- 
low sliding gear to the left until its teeth mesh with those of the counter- 


shaft low gear by moving the gearshift lever to the low position. The flow 
of power in low gear is shown in Fig. 4.21, The clutch shaft drives the 


countershaft through the main drive gear and countershaft drive gear. As 
in neutral the second-speed gears are in mesh in the actual transmission, 
but transmit no power, and the power flows from the countershaft to the 
mainshaft through the countershaft low gear to the reverse-and-low slid- 
ing gear which is splined to the mainshaft, thence to the universal joint 
on to the rear wheels. In low gear the mainshaft revolves only about 1 /z.5 
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as fast as the clutch shaft is revolving. This reduction in speed is accom- 
plished by driving from small to large gears on two sets of gears. 

In shifting from first to second gear, the reverse-and-low sliding gear is 
first slid out of mesh with the countershaft low gear into its neutral posi- 
tion as shown in Fig. 4.22. The sliding jaw clutch or “dog" located be- 
tween the main drive gear and the mainshaft second-speed gear in the 
actual transmission has been moved to the right so that its teeth mesh with 
the teeth on the hub of the second-speed gear. Since the sliding "dog" is 
splined to the mainshaft, the second-speed gear is now splined to the main- 
shaft and transmits power. As shown in Fig, 4.22, the power flow is now 


from the clutch shaft to the main drive gear 
to the countershaft drive gear, through the 
countershaft to the countershaft second- 
speed gear to the mainshaft second-speed 
gear which turns the mainshaft. The speed 
reduction from clutch shaft to mainshaft is 
not as great as it is in low gear because the 
gear ratio of the second-speed gears is less. 

Fig. 4.23 shows the flow of power in high 
gear. By moving die dog from the position 
where its teeth are meshed with those of the 



Fig. 4.22— Flow of power in 
second gear 


hub of the second-speed mainshaft gear through its neutral center position 
to the left until its teeth mesh with those of the main drive gear, the sec- 


ond-speed gear is taken out of engagement and the mainshaft is locked to 
the clutch shaft. The drive is straight through as shown in Fig. 4.23— the 

mainshaft revolves at the same speed as does 


the clutch shaft. Although all the gears ro- 
tate, they transmit no power. 

In reverse, shown in Fig. 4.24, the sliding 
clutch or dog is in the neutral position, 
breaking the connection between the clutch 
shaft and mainshaft. The reverse-and-low 
sliding gear has been slid to the right until it 
meshes with the reverse idler. The second- 
Fi g- 4-*S~Flow ofpower in g p ee ^ g Cars re volve but transmit no power. 

® ear The power is transmitted from the clutch 

shaft to main drive gear to the countershaft drive gear, through the coun- 
tershaft to the countershaft reverse gear, to the reverse idler which re- 
verses direction of rotation, to the reverse-and-low sliding gear to the main 



shaft and thence to the rear wheels. The reduction in speed from the 



<* 

CluUh shaft 
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clutch shaft to the mainshaft usually is the 
same or a little more than that obtained in 
J low gear. It is obtained, or course, m driv- 
ing from small gears to large gears on two 
sets of gears. 

When helical gears are used for the re- 
verse-and-low sliding gear, reverse gears, 
and low gear, the mainshaft splines on 
Fig. 4.24 — Flow of power in which the reverse-and-low sliding gear is 
reverse moved along the shaft must also be helical, 

as shown in Fig. 4.19. This design is neces- 
sary in order that the reverse-and-low sliding gear be slid easily into mesh 
with the countershaft low gear and reverse idler, and so that the gears do 
not tend to slip out of mesh because of the angle of the teeth. 

The synchronizing mechanism, as previously stated, acts to slow down 
the faster rotating of two gears to he meshed so that they are quickly made 
to revolve at the same speed. At this time they can be meshed without 
clashing or grinding without waiting for the faster-rotating gear to slow 
down by itself. Synchromesh is provided for second and high constant- 
mesh gears on all passenger-car transmissions, and also for first gear on 
some. It generally is not considered as necessary for low or reverse gears 
since they usually are engaged when the car is stationary. As shown by 
Fig. 4.25 it consists essentially of a cone clutch or synchronizing drum 
which acts as a brake on the faster-revolving gear, and a spring or other 
means for reducing the pressure on the cone clutch after the gears are syn- 



Synchro-raesh dutch engaged Synchro-mesh clutch disengaged 
Fig. 4.25— Operation of synchronizing mechanism 

/Army Manual TM 10-585) 
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chronized, to permit the gears to be shifted easily. Although synchromesh 
mechanisms used in various passenger cars vary somewhat in design, the 
general principles given apply in all cases. 

Shifting Mechanism.— The type of gearshift operating mechanism 
shown in Fig. 4.26 is practically universal in American passenger cars. 



Fig. 4.26— Typical gearshift operating mechanism and 
transmission 


The gearshift lever is mounted on the steering column. Shifts are made 
by moving the gearshift lever to the desired position. When the lever is 
moved to all possible positions, it traces the pattern of the letter H laid on 
its side. The neutral position is in the center of the H. When the lever, is 
pulled back toward the driver in its upper position, the motion is trans- 
mitted down one of two concentric tubular rods located alongside the 
steering column and connected to the upper crank shown in Fig. 4.26 
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which is linked to the first and reverse sliding gear. It can be seen by the 
arrangement o£ the linkage that this motion of the gearshift lever moves 
the first and reverse sliding gear to the left until it meshes with the low 
gear on the countershaft. When the gearshift lever is moved to its farthest 
position from the driver in the upper position, the tubular rod, upper 
crank, and linkage move the first and reverse sliding gear to the right 
until it meshes with the reverse idler. When the gearshift lever is moved 
down through neutral and then pulled back toward the driver, the first 
and reverse sliding gear is first locked in neutral, the gearshift lever is en- 
gaged with the other tubular rod alongside the steering column which is 
connected with the lower crank shown in the illustration. This lower 
crank is linked to the dog between second and high gear so that the mo- 
tion of the gearshift lever slides the dog into contact with the internal 
teeth on the main drive gear, and the transmission is in high gear. Mov- 
ing the gearshift lever to a position farthest from the driver in its lower 
position, in turn, shifts the dog to the right until its teeth mesh with those 
of second gear. 

The shifting mechanism inside the transmission usually consists of 
various arrangements of shifter rails to which are connected shift forks or 

yokes connected to the sliding gears or 
dogs. The rails usually are locked in their 
low, second, high, reverse, or neutral posi- 
tions by means of balls under spring pres- 
sure which slip into notches in the shifter 
rails, as shown in Fig. 4.27. The arrange- 
ment is such as to prevent more than one 
gear to be engaged at one time. The gear- 
shift linkages used in various passenger 
cars, although similar in principle to the 
one just described, differ considerably in 
detail. Some use a cable instead of a Tod 
for selecting gears, but all shift by means 
of a rod. In cars produced before 193*7* the gearshift lever projecting ver- 
tically upward from the center of the floor of the front compartment was 
used practically universally. In cars produced in 1941, it had been com- 
pletely replaced by the steering-column-mounted type just described. 

Although transmissions with four forward speeds and reverse provide 
the greatest number of gear changes ever found in passenger cars, four or 
five forward speeds are commonly found, and six or seven forward speeds 
are occasionally found, in a single transmission unit in trucks and buses. 



Fig. 4.27— Typical shifter rail 
arrangement 
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The number of forward speeds employed in trucks or buses usually de- 
pends upon the size of the vehicle and the toad conditions, load and 
speeds under which they must be operated. By the use of “two-speed 
axles” or two interconnected or “compounded" multispeed transmissions, 
the number of possible forward speeds can be multiplied to produce 10 or 
ia possible forward speeds so that the engine can be kept functioning at 
top speed and efficiency under a wide range of operating conditions. For 
some cases, when a four-speed transmission is used, the low-gear position, 
which provides an unusually high gear ratio, is employed only for very 
severe starting or climbing conditions. The gearshift arrangement em- 
ployed, of course, must differ somewhat from the conventional. In one 
arrangement second, third, fourth and reverse speeds are used in the con- 
ventional H shift for average driving conditions. For severe conditions, 
when it is desired to use first speed, a special latch is used to make the 
shift. 

Vacuum-Operated Gearshifts.— Fig. 4.28 shows the arrangement of a 
transmission provided with a gearshift mechanism in which the driver 



Fig. 4.28— Vacuum-operated gearshift 


shifts the gears by moving the shifting lever just as in conventional shift- 
ing mechanisms, but practically no effort is required to make the shifts as 
the actual work of shifting the gears in the transmission is done by a 
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vacuum cylinder. Movement of the shifting lever to one of its positions 
opens or closes the control valves for the vacuum cylinder which admit or 
cut off vacuum or atmospheric pressure. The cylinder contains a piston 
which can be moved in either direction to shift the gears into the position 
indicated by the position of the shifting lever. If, for any reason, the 
vacuum-operated mechanism will not function, provision is made for the 
gears to be shifted manually. 

Overdrives.— A method of obtaining a fourth forward speed employed 
extensively in modem passenger cars is the use of an ‘‘overdrive.” It is so 
called because it provides a speed ratio “over" that of direct or high-speed 
ratio. This device permits the engine to operate at only about 72% of the 
propeller-shaft speed when the car is operating in the higher speed ranges. 
Because the engine is not required to turn over as fast at high car speeds 
when it is in high gear, the use of overdrives reduces engine wear and 
vibration, and saves gasoline. Overdrives usually are employed to sup- 
plement conventional transmissions, and are bolted to the rear of the 
transmission between the transmission and the propeller shaft. Usually a 
slightly higher rear-axle gear ratio is employed with an overdrive than 
without one. 

In the most commonly used designs, the shift to overdrive can be made 
when the car is traveling above a predetermined speed (usually from 18 
to 35 mph) by lifting the foot momentarily from the accelerator. The 
operation of the overdrive is controlled by a centrifugally operated switch. 
When the car slows down below another predetermined speed (usually 
slightly lower than the cut-in speed), the car returns to third speed auto- 
matically in most designs. When greater power and acceleration are re- 
quired titan can be furnished through the overdrive gear ratio, such as 
when passing a car on the road, the car can be shifted back to direct gear 
when in overdrive by depressing the accelerator past the full- thr ottle 
position. 

4- 2 9 shows a design of overdrive in common use in American 
passenger cars. It consists essentially of a ‘‘planetary’’ gear set, a key 
operated by a solenoid and a spring for holding the “sun gear” stationary, 
and centrifugally operated pawls that permit the overdrive to be cut in 
or out at the desired speeds. The planetary gear set is made up of a sun 
gear, three pinions or "planets,” and an internal gear, assembled and 
meshed as shown. Gears are of the helical constant-mesh type. The three 
pinions are mounted in a cage that is splined to the transmission main- 
shaft. When the car is in direct drive (overdrive not in operation) the 
sun gear is held stationary by the key inserted in a slot in its collar. The 
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locking of the sun gear causes the pinions to rotate around it, thus caus- 
ing the internal gears to rotate faster than does the transmission main- 
shaft. In direct drive, however, the faster-moving internal gear transmits 
no power as the centrifugally operated pawls do not engage the internal 
gear with the tailshaft sleeve. The drive in direct gear is straight from the 
mainshaft to the tailshaft through the free-wheeling unit (to be described 
later). When the driver desires to enter overdrive when the car is above 
the cut-in speed, he lifts his foot momentarily from the accelerator, which 
permits the pawls to engage slots in the tailshaft sleeve, thus locking the 
internal gear to the tailshaft. The unit is now in overdrive as the tailshaft 
is moving faster than the mainshaft. Below the cut-in speed the driver 
cannot enter overdrive because the pawls are held in their inward position 
on the internal gear by coil springs, and will not engage slots in the tail- 
shaft sleeve until the speed is such that the centrifugal force of the pawls 
overcomes the pressure of the springs. The unit may be returned to 
direct drive when the speed is below the cut-in speed by permitting the 
springs to draw the pawls from the tailshaft sleeve by momentarily lifting 
the foot from the accelerator. The accelerator may be released specifically 
for this purpose, or in slowing down in normal operation. To return the 
car to direct drive at any speed, the driver presses the accelerator past the 
full-throttle position. This action energizes a solenoid which pulls the 
key from engagement with the collar of the sun gear after the ignition 
has been cut for a few explosions. As the sun gear is now free to rotate 
idly, the pinions do not rotate around their axes, and the whole unit re- 
volves at the same speed as does the mainshaft. Thus the car is in direct 
drive and the overdrive is not in operation. When it is desired to return 
to overdrive, the foot is removed momentarily from the throttle and a 
spring inserts the key in the sun-gear collar, holding it stationary. 

Other types of overdrive differ in their method of control. In one 
well-known design, the centrifugal pawls that engage or disengage the 
internal gear and tailshaft are omitted, the internal gear and tailshaft 
being attached together. All changes from overdrive to direct and vice- 
versa are effected by inserting and removing the key from the collar of the 
sun gear. A centrifugal switch operates in connection with the solenoid 
and spring to control the speed at which the key may be inserted by the 
solenoid or withdrawn by the spring. The emergency method of return- 
ing to direct speed from overdrive when above the cut-in speed is the same 
as that described previously. 

Most commercial overdrives include a "free-wheeling" unit which is 
effective only when the overdrive is not in operation and when the over- 
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Fig. 4.30— “Hydra-Matic” automatic transmission— Flow of power in first gear 
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drive unit is not locked in direct drive. This lockout is provided to render 
the free-wheeling unit and overdrive inoperative during certain driving 
conditions, such as when going down steep hills when it is desirable to use 
the compression of the engine as a brake. To lock the overdrive out, the 
driver usually must pull out a lockout knob on the instrument board. 

When the "free-wheeling” unit is in operation, the engine can drive 
the car, but the car cannot drive the engine. When the momentum of the 
car tends to drive the engine, as when slowing down, the free-wheeling 
action comes into play and disconnects the engine, clutch and transmission 
from the remainder of the power-transmission line. When the speed of 
the car falls below the corresponding speed of the idling engine, however, 
the engine again drives the car. 

The free-wheeling unit, often called an "overrunning clutch,” usually 
consists of a driving member, driven member, and rollers arranged so that 
Lhe driving member can drive the driven member but, when the driven 
member attempts to drive the driving member, the driven member turns 
free and no power is transmitted to the engine. 

The free-wheeling feature of overdrives itself is claimed to account for 
some of the fuel saving effected by overdrives. Free-wheeling also permits 
gearshifts from first to second, from second to high, from high to second, 
and from second to first to be made without the use of the clutch, by re- 
moving die foot from the accelerator. This is possible because the release 
of the accelerator puts the car into free-wheeling, disengaging the engine, 
clutch, and transmission from the remainder of the drive. 

“Hydra-Matic Drive.”— This is a fully automatic drive. As shown in 
Fig. 4.30, it combines a four-speed forward and reverse automatic geared 
transmission in front of which is a fluid flywheel as described in the chap- 
ter on the clutch. The geared transmission consists of three sets of con- 
stant-mesh helical planetary gears placed in series. The two planetary gear 
sets on the left provide the four forward gear changes, and the one on the 
right is used for reverse. The fluid flywheel acts to cushion the impact of 
the automatic shifts, as well as to damp the torque reactions of die engine. 
No clutch pedals are provided in cars equipped with this drive, control 
being accomplished entirely by accelerator and brake. 

The planetary gear sets of the automatic transmission are placed in 
series so that power may be transmitted through either or both of the 
sets to produce any of the forward speeds or reverse. A centrifugal gover- 
nor incorporated in the transmission selects the proper gear for each speed 
and throttle position. The change from one gear to another is accom- 
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plished through hydraulically operated pistons, in some cases assisted by 
springs, which control brake bands on the planetary gear sets and clutches 
within the planetary unit. The speed at which the various shifts occur is 
governed by throttle position as well as by the centrifugal governor so 
that, as the throttle is opened, the gears shift at higher and higher speeds. 
This feature permits maximum power and acceleration when most 
needed. 

When the “Hydra-Matic Drive” is in low gear, as shown in Fig. 4.30, 
the brake bands of both planetary gear sets to the left are held against 
their drums and power is transmitted from the fluid flywheel casing 
thr ough one planetary gear set through the fluid flywheel and then 
through the second planetary gear set to the output shaft and propeller 
shaft as indicated. The total speed reduction is 3.658: 1. Driver control is 
provided by a lever and sector segment mounted on the steering column 
beneath the steering wheel which can be adjusted to any one of four posi- 
tions: neutral, high, low, and reverse. In the "high” position the transmis- 
sion shifts automatically for any one of the four forward speeds. The 
“low” position is for hill-climbing or heavy or muddy terrain; only first 
and second gear positions are provided. 

Torque Converters— A fully automatic hydraulic transmission or 
torque converter that is used in buses provides multiplication of the en- 
gine torque up to 5:1 during starting. This hydraulic transmission com- 
prises essentially a turbine, a friction clutch for disconnecting the engine 
from the turbine, a reverse gear, and a roller clutch which disconnects the 
turbine from the output shaft when in direct drive. The turbine, shown 
in Fig. 4.31 A, consists of a centrifugal pump wheel driven by the engine; 
a three-bladed, three-stage rotor wheel connected to the propeller shaft; 
and a casing with stationary blades interposed between the rotor blades. 
This “staging” of the rotary blades between stationary blades, shown in 
Fig. 4.3 1B, is the reason why the torque converter can multiply the 
torque. 

“Underdrive” Semi-Automatic Transmission.-This is a four-speed 
forward and two-speed reverse geared semi-automatic transmission (Fig. 
4.3a) used in conjunction with a fluid flywheel and a conventional clutch. 
It was introduced as special equipment on some 194.1 models. AH gears 
are helical except those used for reverse. Instead of the usual four posi- 
tions, the gearshift lever has but three: "high,” "low,” and “reverse.” In 
a car provided with such a drive, most of the driving can be done with 
the gearshift lever in the high position— including starting, cruising, and 
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stopping— because of the action of the fluid flywheel and the semi-auto- 
matic nature of the transmission. 

With the gearshift lever in the high position the transmission can be 
shifted back and forth from third gear (1.55: 1) to fourth gear (1:1) in the 



Fig. 4.32— Four-speed semi-automatic geared transmission 


same manner as the shift is made between third speed and overdrive in 
cars so equipped. That is, the car is started in third gear and stays there 
until the driver releases the pressure on the accelerator pedal when the 
car speed is over 15 to 17 mph. At this time the transmission is shifted to 
fourth gear by the action of a vacuum unit connected to the engine mani- 
fold. When a burst of speed or extra power is needed, pushing the accel- 
erator past the full-throttle position energizes a solenoid which acts to 
shift the transmission back to third gear (provided the car speed is below 
53 mph). When the car speed drops below 13 to 15 mph with the trans- 
mission in fourth gear, the position of the centrifugal governor causes the 
tr ansmiss ion to be shifted automadcally back to third gear. 

Use of the low position of the gearshift lever is recommended only for 
steep hills, mud, sand, gravel, or rough terrain. When operating in this 
range, shifts between first and second are made in exactly the same way 
as those between third and fourth when the gearshift lever is in the high 
position. The shift to second gear can be made when a speed of 8 mph 
has been reached. The ratio in first gear is 3.07: 1 ; in second gear, 1.98: 1. 

The conventional single-plate clutch is used only for shifting in and 
out of reverse, for engaging the gears after the gearshift lever has been in 
the neutral position, and when shifting the gearshift lever with the car 
in motion. The transmission is provided with a free-wheeling unit which 
is operative only in first and third gears. 

Auxiliary Transmissions, Transfer Cases, and Power Take-Offs.— 
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In additi on to the provision of all-wheel drives, heavy-duty tires, and more 
powerful engines, the traction and grade ability (hill-climbing ability) of 
military trucks are increased further by raising the gear ratio in low speed 
and by multiplying the number of gear ratios available in the power- 
transmission system. 

By providing higher gear ratios for low speeds, the torque available at 
the driving wheels is multiplied and, hence, the traction and grade ability 
of the vehicles are increased because of additional mechanical advantage, 
as explained previously. The overall low gear ratio of iy£-ton commercial 
trucks provided with a four-speed transmission and two-wheel drive is 
usually between 36 and 48:1 (ratio of engine crankshaft speed to speed of 
driving wheels when in low gear). Passenger cars and i/£-ton commercial 
trucks from which l/£-ton military trucks are adapted usually employ 
three-speed transmissions, two-wheel drive and an overall gear ratio in 
low speed of about 12 or 13:1. 

To adapt such vehicles for military service, however, this overall ratio 
in low gear is increased considerably; usually it is approximately doubled. 
An auxiliary two-speed geared transmission included in the transfer box 
usually accounts for most of the increase in low gear ratio possible in 
military trucks. An extra lever is provided alongside the gearshift lever in 
the driver’s compartment for shifting gears in the auxiliary transfer unit. 
The two ratios provided in this unit are direct drive (1:1 ratio) and 
slightly under 2:1. Thus, the number of speeds formerly available 
through the conventional transmission is doubled. For example, a i\/ 2 - 
ton commercial truck with four-speed transmission, when modified for 
military service by the addition of an auxiliary two-speecl transmission in 
the transfer box, will have eight speeds forward instead of four (two speed 
ranges for the four speeds of the conventional transmission). In addition, 
front-axle and rear-axle gear ratios are often about 20% higher in military 
units than those of the conventional vehicles from which they are adapted. 
A power take-off is frequently provided on one side of the four- or five- 
speed transmission used in military trucks to drive a winch or dump body 
hoist. Four-speed transmissions usually are provided in the lighter mili- 
tary trucks, and five-speed transmissions in the heavier units. 

The four-speed transmission of one make, of 1 l/J-ton military truck has 
the following ratios: 1st, 6.4:1; 2nd, 3.09:1; 3rd, 1.69:1; 4th, direct; and 
reverse, 7.82:1. 

Transmission Lubrication.-A bath of lubricant, in which the trans- 
mission gears operate, prevents metal-to-metal contact which would gen- 
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erate so much heat that the gear teeth would be burned away, and lubri- 
cates the ball or roller bearings in the transmission. Proper lubrication of 
the transmission and transmission devices, therefore, is extremely im- 
portant. Different designs have different requirements. 

Synchromesh transmissions and self-shifting transmissions of the 
“Hydra-Matic” type, free-wheeling units and some overdrive units require 
fluid gear lubricants or extreme-pressure lubricants. Most car makers, 
however, recommend engine oils for transmissions with overdrive. 

Different lubricants are needed in the transmission at diff erent seasons 
of the year— and it is important that the different types should not be 
mixed. 

Transmission lubricant level should be inspected every 1,000 miles 
and refilled if necessary. Transmissions should be drained, flushed, and 
refilled approximately every 5,000 miles— or at least once each season. 

Transmission or Gear Box Service.— Transmission troubles and their 
causes and remedies can best be discussed under six main headings as 
follows: 

1 . Noise When Transmission Is in Neutral.— If the transmission is 
not aligned with the engines so that there is no binding along the shaft 
from the flywheel to the transmission, a constant grinding noise will be 
heard. This noise can be eliminated by checking the alignment of both 
the clutch and transmission housings, after the transmission has been 
removed, and correcting any misalignment found. 

A hum or howling will be heard when bearings or bushings are worn 
or in need of lubrication; when a shaft is sprung, worn, or in need of 
lubrication; when gears are chipped, burred, not matched, improperly 
machined, or in need of lubrication; when there is too much backlash 
throughout the gear train; when too much end play exists in the counter- 
shaft or gears; or when gearshift forks rubbing in grooves cause gear inter- 
ference. 

2 . Noise When Transmission Is in Gear.— The noises heard in neu- 
tral will also be heard in gear, but will be more pronounced. In gear, the 
main transmission shaft rear bearings will howl if dry. Noises originating 
in the Tear end and clutch may also seem to come from the transmission. 

3 . Hard Shifting; Sticking in Gear.-When a transmission is hard to 
shift or when it sticks in gear, the difficulty may be due to one of several 
causes. Improper clutch adjustment may be preventing the clutch from 
releasing all the way; splines on the transmission shaft may be burned or 
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distorted; shifter lock springs may be too strong; gear teeth may be bat- 
tered; the silent-shift unit may be binding; or the remote-control unit 
may be out of adjustment. 

4. Slipping out of Gear— Causes of the transmission slipping out of 
gear include improper transmission-engine alignment; two much clear- 
ance between teeth in mesh; worn gears or bearings; weak or broken 
shifter lock springs; insufficient mesh of gears; and improper adjustment 
of remote-control linkage. 

5. Oil Leaks— Oil leaks may result from too high an oil level; dam- 
aged or improperly installed gaskets or oil seals; loose cover bolts; or 
cracked transmission case or cover. 

6. Vacuum Shift Control.— If the vacuum shift control is to function 
properly, there must be no leakage in the tubing from the intake to the 
manifold. Connecting linkage must work freely and be in proper adjust- 
ment. 

The first five of the troubles just listed are common to all transmis- 
sions and can be classified as misalignment of parts, lack of lubrication, 
poor adjustment, or wear. 

In practically every case, it is desirable to remove the transmission 
assembly and separate all the parts, noting the condition of each as it is 
removed. Then, each part should be washed in gasoline, thoroughly 
tested, and inspected for fit and wear. Finally the unit should be re- 
assembled according to manufacturer’s specifications, new parts being in- 
stalled where necessary. 

If a transmission “howl” due to lack of lubrication is noticed imme- 
diately and lubricant applied at once the chances are that no damage will 
have been done. 

Overdrive and free-wheeling units with their different types of control 
should be kept properly lubricated and adjusted. Before attempting to 
dismantle the overdrive, free-wheeling, "Hydra-Matic” drive, or other 
special units, it is necessary to have the car manufacturer’s service manual 
as a guide for correct order of disassembly and assembly, as well as for all 
specifications. 


QUESTIONS 

1. What is the function of the transmission in an automobile? 

2. How are transmissions classified? 

3. Why do the driving wheels of American cars revolve only about one- 
fourth as fast as does the crankshaft even in. high gear? 
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4. What are the usual gear ratios for second gear? Eor low gear? 

5. How can the total gear ratio be found from the gear ratio of the trans- 
mission and the gear ratio of the rear-axle gears? 

6. Which transmission shafts are moving if the engine is running, the 
clutch is engaged, and the transmission is in "neutral”? Explain. 

7. What two gears slide on the main shaft in a transmission not equipped 
with constant-mesh second-speed gears? 

8. Name the gears on the countershaft starting with the end nearest the 
clutch. How can each gear be identified? 

g. In which speed is an idler gear used? Which mainshaft gear is used to 
engage the idler? Explain. 

10. In what gear besides "neutral" is the countershaft turning without 
transmitting power? Explain. 

11. Explain how the sliding jaw clutch or "dog” connects a constant-mesh 
second-speed gear with the mainshaft. 

is. Why are all the gears in a transmission turning in high speed even 
though none are transmitting power? Account for each gear by showing what 
drives it. 

13. For which gears is synchromesh generally provided? Why? 

14. What are the advantages of a synchromesh transmission? 

ig. What are the general principles of a synchronizing mechanism? 

16. What moves the shifter rails where the shifting mechanism is inside 
the transmission? Explain. 

17. What are the essential differences hetween the shifting mechanisms of 
transmissions where the gearshift lever is mounted on the steering column and 
those where the gearshift lever is mounted on top of the transmission case? 

18. List the advantages of a vacuum-operated gearshift. How are these 
advantages secured? 

lg. What is the function of an overdi’ive? Explain bi-iefly how an over- 
drive utilizes planetary gears. 

30. What type of drive is combined with an automatic transmission in 
"Hydra-Matic Drive”? 

ax. Explain briefly how the change from one gear to another is accom- 
plished through hydraulically operated pistons in the "Hydra-Matic Drive”. 

33. Outline the operation of a torque converter. 

33. What is the advantage of an auxiliary transmission used in conjunc- 
tion with a conventional transmission? 

34. To what uses might a power take-off be used on a military truck? 

35. List the important items of transmission lubrication. 


SUGGESTED PROJECTS 

1. If a Model "T” Ford transmission is available, a complete study of a 
planetary transmission can be made. 

3. Other transmissions can he easily studied by removing the top and 
draining the grease. 

3. In order to study the gear ratio of the transmission and final drive, jack 
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up one rear wheel of a car having made certain previously that all the other 
wheels are blocked (so that the car cannot move). Release all brakes. Insert 
a crank handle in front of the engine. Shift to high gear. While one student is 
cranking the engine (ignition off) and counting the number of revolutions of 
the crankshaft, another student can count Lhe equivalent number of revolu- 
tions of the rear wheel. Repeat for all gears. Determine the gear ratio of 
the final drive gears and all the transmission gears. The removal of all spark 
plugs would facilitate the cranking of the engine. 

4 . A side section of a transmission case can be cut out with a hacksaw to 
expose all the gears. The section can be attached to the case by means of 
hinges to form a door. If the clutch shaft is attached to an electric motor by 
means of a pulley and a suitable reduction gear it can be rotated at a uniform 
speed. A large wheel fastened to the main shaft will show the various gear- 
ratios that can be produced by moving the shifting lever and the exposed gears 
will show how they are produced. All parts should be securely mounted. 
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CHAPTER 12 

PROPELLER SHAFTS, FINAL DRIVES, BEARINGS 

From the transmission (or overdrive), the power must be delivered 
next to the final drive, differential, and thence to the wheels. This func- 
tion is carried out by the propeller shaft and universal joints (Fig. 4.1). 

Propeller Shaft— Fig. 4.33 shows the assembly of propeller shaft, two 
universal joints, and a slip joint usually employed when the Hotchkiss- 
drive construction is used. In this type of drive, the forward thrust result- 
ing from revolution of the rear wheels is transmitted to the frame of the 
car through the rear springs; it allows the springs to take the twist or 



Fig. 4.33-Propeller shaft, universal joints, and slip joint 
used with Hotchkiss drive 

torque of the driving effort. The propeller shaft is not enclosed. The 
function of the slip joint is to compensate for differences in length of the 
propeller-shaft assembly caused by changes in its angularity as the axles 
move up and down with the springs. For example, it is obvious that, as 
the propeller shaft approaches a horizontal position when the rear springs 
are compressed in going over a bump, the propeller shaft must become 
shorter, and this shortening is done by telescopic action of the slip joint. 
The slip joint is provided with external and internal splines free to slide 
one upon the other, as shown in Fig. 4.35, page 1*79, 

The other type of propeller-shaft arrangement used in American pas- 
senger cars is called the "torque-tube drive.” In its construction the pro- 
peller shaft is enclosed in a “torque tube” which takes the torque action 
of the rear axle (taken by the springs in the Hotchkiss drive). This tube 
incorporates bearings which support the propeller shaft. It is bolted rig- 
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idly to the rear-axle housing and supported at the front by the transmis- 
sion. Only one universal joint has been found necessary when a torque 
tube is used. It usually is placed between the transmission and the pro- 
peller shaft. Often “radius rods” are used to assist the torque tube to take 
the twist and thrust of the car drive. The propeller shaft itself is usually 
made of hollow steel tubing which construction gives light weight and 
torsional strength. See Fig. a. 7, page 16. 

Because passenger-car axles are located lower than the transmission or 
overdrive output shafts, the propeller shaft which is used to join them 
must be at an angle with the horizontal. For this reason and because the 
rear axle moves up and down with the action of the springs while the 
transmission is mounted rigidly to the frame, some form of flexible joint 
must be used to compensate for this angularity and motion and still per- 
mit the propeller shaft to be driven by the transmission mainsliaft. This 
flexible joint is called a universal joint. 

Universal Joints— Universal joints are used to make a flexible connec- 
tion between two shafts at an angle with each other. They permit the 
transmission of power not only at an angle, but also while this angle is 
being varied constantly. In motor vehicles they are used not only to per- 
mit power to be transmitted from the horizontal transmission mainshaft 
to the propeller shaft which is normally at an angle with the horizontal 
because the rear axle is usually lower than the transmission mainshaft, 
but also while the flexing of the springs caused by road irregularities is 
constantly changing this angle. Without such a flexible device the trans- 
mission of power under these 
conditions would be impossi- 
ble. Fig. 4.34 shows a simpli- 
fied sketch to illustrate the 
fundamental principle of all 
universal joints. As shown, the 
joint consists of two yokes (one 
Fig. 4 * 34 — Principle of the universal joint attached to the end of each 

shaft to be joined) and a cen- 
tral or connecting piece. It can be seen that the shafts in the connecting 
piece will turn in the bearings of the yokes in accordance with the change 
in angularity between the shafts. Fig. 4.35 shows a needle-bearing type of 
universal joint commonly used in passenger cars. It employs roller bear- 
ings of the needle type, and is packed in lubricant and sealed. Passenger- 
car universal joints have an efficiency ranging from 97 to 99%. 
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Except for special '‘constant-velocity” types rarely found in passenger 
cars, universal joints do not transmit the motion uniformly when the 
shafts are operating at an angle. Because the pivot pins do not revolve 
in the same plane, the driven shaft will increase to a maximum and de- 
crease to a minimum twice in each revolution. The degree of the varia- 
tion is small, however, and may be minimized, when two universal joints 
are used, by arranging the two joints so that the non-uniform rotation of 
each joint tends to neutralize that of the other. The arrangement of the 
universal joints in passenger cars and their relationship to other parts has 
already been shown. 

Slip Joints.— When a shaft transmits power between two points, and 
the distance between these two points is constantly changing, some means 
must be provided to compensate for this change in length or the shaft 
would buckle or break. This condition exists in many passenger cars 
between the transmission mainshaft and the rear-axle drive, between 
which two poinLs the propeller shaft transmits power. 

As has just been explained, the propeller shaft usually inclines down- 
ward from the transmission mainshaft to the rear axle. Now, when the 
axle rises as the rear springs are compressed, the propeller shaft is short- 
ened, and lengthened again when the axle returns to its original position. 
To compensate for this change of length and to permit it to transmit 
power from the engine to the rear axle at the same time, a slip joint is 
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Fig. 4.35— Needle-bearing type of universal joini showing slip joint 


incorporated between the propeller shaft and the universal joint connect- 
ing the propeller shaft with the transmission mainshaft in designs of 
passenger cars using the “Hotchkiss drive.’.’ In cars provided with a 
“torque-tube” drive, a slip joint is not necessary. As shown in Fig. 4.35, 
this joint is comprised of a male splined end of the propeller shaft which 
is free to slide in corresponding grooves in the female member of the 
joint which is integral with the universal-joint hub. The splines enable 
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the slip joint to transmit power while it is sliding to compensate for 
changes of length in the. shaft. 

Universal- Joint and Propeller-Shaft Service -Most universal joints 
are made with needle bearings. Lack of lubrication is the usual cause of 
trouble, but little should be experienced if the car manufacturer’s recom- 
mendations are followed closely. These instructions will tell the correct 
type of grease pr heavy oil to use and how many miles a car should run 
before lubricating these joints. 

The joint must be taken apart to pack the bearings with grease. At 
this time it is desirable to wash all the parts and examine them for wear. 
Before taking the joints apart, the adjoining spots on the yokes and drive 
shaft should be marked so that they may be assembled in the same posi- 
tions. This precaution assures retaining the balance of the parts and 
eliminates the possibility of propeller-shaft "whip” and vibration. When 
replacing the parts, particular care should be taken with the oil seals. 

With the slip-joint type of connection between the universal and the 
propeller shaft, the splines must be lubricated, and this is usually done 
through a plug or ZeTk fitting on the yoke whenever the car is normally 
greased. 

Noise in the universal joint is caused by dry or worn bushings or bear- 
ings. If the slip-joint splines are loose they will cause a rattly noise. Badly 
worn joint parts will cause a chatter or jerk when engaging the clutch, 
and eventually will damage the clutch. 

The propeller shaft is carried either in a housing or without any cov- 
ering. In either case, should it become sprung or bent, it will whip as it 
turns, with resulting damage to the universal joints. The manufacturer 
specifies how much bend is to be tolerated in the propeller shaft. This is 
measured with a dial gage with the propeller shaft resting in two V blocks. 

The propeller shal'Ls that run in housings are supported on bushings. 
If these are allowed to run dry, they will wear, and it is possible that both 
the bushing and propeller shaft must be replaced. 

Universal Joint and Propeller Shaft Lubrication.— Some universal 
joints are provided with a fitting for external lubrication; others (the 
roller-bearing type) must be disassembled and packed with lubricant by 
hand. Different constructions and different manufacturer recommenda- 
tions make it necessary to consult manufacturers’ specifications before 
applying lubricants to universal joints. For propeller shaft bearings, 
chassis lubricant, wheel bearing grease or engine oil usually is recom- 
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mended, although some types are packed at the time of original assembly 
and require no further lubrication during their life. 

Final Drive.— The final drive serves two purposes: It turns the power 
flow at a right angle from the propeller shaft to the rear axle, and it pro- 
vides a speed reduction from the propeller shaft to the rear axle. In pas- 
senger cars the final drive consists of a pair of helical or spiral-bevel gears 
comprising a pinion connected to the propeller shaft and a ring gear con- 
nected to a flange on the differential case. There are usually between 4.5 
to 5.5 times as many teeth on the ring gear as on the pinion, giving a gear 



ratio or speed reduction between 4.5:1 and 5.5:1. The drive pinion is 
usually built integral with a short pinion shaft, splined to the end of the 
propeller shaft or rear universal joint. 

“Hypoid" gears are a type of spiral-bevel gears that are employed al- 
most universally in the final drives of American passenger cars. As shown 
in Fig. 4.36 these gears are designed and arranged to have the axis of the 
pinion below that of the ring gear instead of in the same horizontal axis, 
as is the case with spiral-bevel gears. This type of gear was adopted prin- 
cipally because it enabled the propeller shaft to be lowered without de- 
creasing the rear-axle clearance, eliminating the necessity for a ‘‘t unn el’* 
in the rear compartment of the car body. The pinion shaft is usually 
mounted in a pair of tapered roller bearings located in front of the pinion 
as shown in Fig. 4.36, or in another type of antifriction bearing. In some 
installations, however, the pinion is ‘‘straddle mounted” between two 
antifriction bearings. Due to the angle of the spiral-bevel gears, these 
bearings must be designed to take a thrust component. Because these 
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gears operate under extremely high pressures and temperatures— and be- 
cause of the wiping action of their teeth— special lubricants called ''ex- 
treme-pressure” lubricants are used in rear axles containing hypoid gears. 
Provision usually is provided by means of shims or screws for accurate 
adjustment of the position of the pinion with respect to the ring gear. 

Other types of final drive found in trucks, buses, and motorcycles are 
worm-gear drives, chain drives, double-reduction and two-speed drives. 
Worm-gear drives have the advantages of quiet operation and of permit- 
ting high speed-reduction ratios. Two-speed final drives in effect double 
the number of speed ratios possible in a truck. They are controlled or 
shifted from the driver’s compartment. Double-reduction drives provide 
a set of gears in addition to the spiral-bevel set just described. 

Differentials.— When a car travels around a corner, the distance trav- 
eled by the outside wheels is greater than that traveled by the inside 
wheels. If the wheels are mounted on dead axles so that they turn inde- 
pendently of each other, like the front wheels or an ordinary passenger 
vehicle, they will turn at different speeds to compensate for the difference 
in travel. But, if the wheels are driven positively by the engine, a device 
is necessary which will permit them to revolve at different speeds without 
interfering with the propulsion of the car. To accomplish this purpose a 
system of gears called the differential is provided. 



Fig. 4.37-Diiferential action explained 


The action of the simple differential is shown in Fig. 4.37. At A two 
shafts K and K 1 are attached to the large bevel gears H and Hj and mesh- 
ing with them is the pinion G, attached to the shaft F. When the shaft F 
is pulled forward as shown, but not rotated about its axis, the pinion G 
will not revolve. Since it is meshed with both gear wheels H and H v they 
will be turned about their axes, causing the shafts K and K 1 to revolve 
equally and in the same direction that the shaft F is being pulled. The 
pinion G merely acts as a connection or clutch between the two gear 
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wheels. If the axle K is held stationary as shown at B in Fig. 4.37, its gear 
wheel H cannot revolve when the shaft F is pulled forward as before. 
This action causes the pinion G to roll on the gear H, revolving about its 
axis, while the bevel gear H t turns at a higher speed than before and in 
the same direction. This result is because H 1 is forced to revolve at tlie 
speed with which shaft F is pulled forward plus the speed imparted to it 
by the pinion G revolving on its own axis. If shaft K is allowed to slip a 
little as shown at C in Fig. 4.37, so that it revolves in the same direction 
as in condition A but not nearly so much, as indicated by the arrow, the 
amount that pinion G rolls on the gear H will be correspondingly re- 
duced. Shaft K ± will be driven as before by both the pull on shaft F and 
the turning of pinion G on its axis. Therefore the pinion G will not re- 
volve as much as it did in condition B since gear H. is now also turning 
correspondingly, reducing the amount that the shaft revolves. 

This is the principle upon which all differentials are built, different 
arrangements of gears sometimes being used to accomplish the same re- 
sult. In the differential used in passenger cars, the shafts K and K 1 are the 
axles to which the wheels are attached, either one of which may revolve 
slower than the driving speed. The revolution of the other axle then 
increases a corresponding amount because of the differential action of the 
gears. 



Fig. 4.38— Typical bevel-gear differential and final drive 
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Fig. 4.38 shows diagrammatically a simple bevel-gear differential. The 
pinion G is mounted on a short axle or stud F, which is carried by a 
differential frame or case E. The case is driven by the final drive— in this 
instance gears C and B. When the ring gear C turns in the direction 
shown, the differential case turns with it, carrying the stud F and pinion 
G in the same way as indicated in connection with Fig. 4.37. Any differ- 
ence in the rotation of the rear wheel is compensated for by the rotation 
of the diff erential pinion G on the stud F while revolving bodily about 
the axis X—Y. If the pinion G rotates, it must roll on one of the differen- 
tial gears H or H v and the amount of motion in rolling on the one gear 
is transmitted to the other as an additional turning or driving effort. Any 
retarded motion of one wheel results in an accelerated motion of the 
other. The rotation of the engine is thus transmitted to the rear wheels 
in proportion to the distance each wheel travels. 

In Fig. 4.38 only one pinion is shown, and the differential case is 
merely a frame bolted to the main driving gear. In actual differentials, a 
number of pinions, usually four, are employed and usually the differen- 
tial case partially encloses the differential gears. Although the bevel-gear 
type just described is used on virtually all American passenger cars, spur- 
gear and worm-gear types have been used. 

The objection to the bevel-gear differential is that, whichever wheel 
offers the less resistance is turned the faster, causing a loss of traction. If 
one wheel gets in the mud or loose dirt or sand, the wheel on the solid 
ground will not be driven while the other spins around due to the differ- 
ential action. For this reason some truck differentials are provided with 
devices to lock out the differential to provide better traction under diffi- 
cult driving conditions. In addition several designs of differential have 
been developed that will not permit differential action unless both wheels 
have traction. 

Rear Axles.— From the differential, the power is transmitted through 
the rear axles to the driving wheels. All rear axles on modern American 
passenger cars are “live” axles; that is, they include revolving shafts for 
driving the wheels. Were the front instead of the rear wheels driven, as 
in the case of a front-wheel-drive car, then the “live” axle would be at the 
front and the rear axle would be "dead”; that is, it would -simply remain 
stationary. 

All live axle shafts— and therefore all American car rear-axle shafts— 
are split into two parts, each of which is driven by one of the differential 
gears, usually through a spline connection. A housing completely encloses 
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the shafts and gears, protecting them from water, dust and injury, in addi- 
tion to mounting their inner bearings and providing a container for the 
lubricant. 



Fig. 4 . gg— Semi-floating axle 

There are three types of live axles: the semi-floating, the three-quarter- 
floating, and the full-floating. A majority of modern American passenger- 
car axles are of the semi-floating type. 

The semi-floating axle is so called because the inner end is supported 
only by the differential gear, the differential case carrying the inner bear- 
ing. The inner end of the axle shaft thus is relieved of the job of sup- 
porting the weight of the car by the axle housing. Since the outer end has 
to support the weight of the car and take end thrusts, this construction 
is called “semi-floating." Fig. 4.39 shows this construction. The inner 
end of the axle shaft D usually is splined to the differential gear. R is the 
inner bearing. The hub K of the wheel M is keyed to the outer end H of 
the axle shaft. The axle housing A supports a bearing B which is placed 
inside its outer end. Both the wheel and bearing B must be removed in 
order to withdraw the axle shaft. This arrangement results in the axle 
shaft E helping to support the weight of the car in addition to transmit- 
ting rotation to the wheels. 
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Fig. 4.40 shows a three-quarter-floating axle. The wheel M is sup- 
ported by the single bearing B located in the center of the wheel which 
runs on the axle housing A. The axle shaft £ is keyed rigidly to the hub 
Nj thus providing the driving connection and maintaining the alignment 
of the wheel. The construction at the inner end of the axle shaft is the 



Fig. 4.40— Three-quarter-floating axle 


same as with the semi-floating axle. This axle is not supported by bearings 
at either end. As the three-quarter-floating axle has only one bearing at 
the outer end, it still takes some bending stresses. It, therefore, is not 
quite the full-floating type. 

Fig. 4.41 shows the full-floating type. The wheel M is supported by 
two bearings B } running directly upon the axle housing A. The axle 
shaft E is fastened to the wheel hub flange N by means of the coupling K, 
through which the rotary motion of the axle shaft is transmitted to the 
wheel. The axle shaft may be removed from the housing without disturb- 
ing the wheel by removing the hub cap and coupling K, The axle shaft E 
is not supported at either end by bearings, and its position is maintained 
by the way that it is supported at both ends. Thus the axle is relieved of 
all strain caused by the weight of the vehicle or end thrusts; its only func- 
tion is to transmit the rotary motion or torque. For this reason it is called 
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full-floating. It is the only construction that holds the wheel in position if 
the axle breaks. In others, the wheel comes off and lets the car drop. 

Either tapered-roller or ball bearings are used in all applications in 
these constructions. 



Fig. 4.4.1— Full-floating axle 


Axle housings are made in a variety of materials— pressed steel, cast 
steel, malleable iron, cast aluminum, or steel forging. On account of its 
appearance a one-piece housing is called a ‘‘banjo type." Housings may 
also be of the split type that are bolted together, or built up from a num- 
ber of pieces by welding. In addition to the functions described previ- 
ously, axle housings also must support the springs and parts of the brake 
assembly. J in Figs. 4.39 to 4.41 is the spring seat on the axle housing. 

Rear-Axle Assembly Service.— Like the transmission, noise is the 
usual indication of trouble in the rear-axle assembly. "There are, however, 
noises which sound as if they were coming from the rear axle, but actually 
they may come from the transmission or engine, or from the tires which 
will make a humming sound on certain types of road surface. Sometimes 
muffler noises may be thought to be rear-axle noises. 
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The wearing parts are either gears or bearings and, aside from an oc- 
casional broken axle, cause gg% of rear-end trouble. A grabbing clutch, 
too much backlash throughout the gears, or careless handling of the clutch 
can cause broken axles although, in modern cars, this trouble is experi- 
enced rarely. As the rear-axle pinion and ring gears become worn or out 
of adjustment, a humming sound will be noticed. This noise may develop 
into a howl under very bad conditions. The correct backlash between 
the teeth of these gears may be adjusted to factory specifications by using 
a dial gage, clamped to the differential housing. 

Most cars have four directions in which to move the pinion and ring 
gear to make adjustments for tooth contact and blacklash. The pinion 
may be moved backward or forward, and the ring gear and differential 
case assembly may be moved from side to side. These adjustments are 
accomplished by means of shims or adjusting screws. 

Red lead coated on both sides of several teeth at different points 
around the ring gear will show the pulling and coasting contact of the 
teeth as the engine is run in gear with the rear end jacked up. Correct 
tooth contact is important in order to have a quiet-running and long- 
lived set of gears. Correct blacklash or clearance between the teeth is 
important for the same reason, and there is a relationship between the 
two, and they should be checked together. 

Heel contact alone or toe contact alone (Fig. 4.43) will soon result in 
tooth breakage. Heavy flank contact and heavy face contact will be noisy. 
The following are adjustments that will correct these conditions: 

1. Heavy face contact— move the pinion in toward the ring gear. 

2. Heavy flank contact— move the pinion out away from the ring gear. 

3. Heavy heel contact— move the ring gear in toward the pinion. 

4. Heavy toe contact— move the ring gear out away from the pinion. 

A fair rule to follow is that a drive noise (with the car being acceler- 
ated) is caused by heavy heel contact. A coast noise (clutch engaged, but 
no gasoline being fed when slowing down) is caused by heavy toe contact. 
Heavy face contact is usually the trouble when there is a noise or hum 
when the car is floating or being held at a steady speed. 

The ends of the pinion teeth always should be flush with the inside of 
the ring-gear teeth after adjustments. Manufacturers’ specifications will 
show the kind of adjustments and allowable tolerances for each differ- 
ential assembly, and they should be followed closely. As soon as any rear- 
axle noises are heard, check for lubrication. If this is done as soon as the 



Correct tooth contact. Gears Drive bearing at heel end will 

making contact as shown give cause gear to break. Move ring 

best results for ciuiet operation gear in toward pinion. Move 

and long life. pinion if necessary to retain 

proper backlash. 



Drive bearing at toe end will Heavy face contact will cause 
also cause gear to break. Move noisy gears. Move pinion in 
ring gear out from pinion. toward ring gear. Move gear 
Move pinion out if necessary out away from pinion if neces- 
to keep proper backlash. sary to keep proper backlash. 




Heavy flank contact will result 
in noisy gears. Move pinion 
out away from ring gear. Move 
gear in toward pinion if neces- 
sary to keep proper backlash. 


Fig. 4.4a— Gear-tooth contact of hypoid rear-axle gears 
(M0T0R Factory Manual) 
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noise is noticed and lubrication performed, it may be that no damage 
has been done. 

The differential pinion gears and differential side gears usually give 
very little trouble, and there is no adjustment for them. If there is too 
much play between the differential pinion gear shaft and the gears, they 
must be replaced. If the side gears fit loosely on the splines of the axle 
shaft, both the axle and gear should be replaced. 

The bearings on the rear-axle assembly will give a heavy hum in an 
irregular tone and at times a grinding catching sound when coasting in 
gear when they are worn or broken. The bearings are usually removed 
with a special puller or in an arbor press. Bearings should be coated 
thoroughly with grease before re-installing. 

When the rear-axle assembly is taken apart for repairs, it is necessary 
that all parts including the housing be washed thoroughly in gasoline, 
and each part examined carefully. The pinion and ring gears are always 
to be replaced with a factory-matched pair. Run-out (or warp) should be 
checked for in the ring-gear and differential casing assembly before it is 
put back in the rear end. The run-out should be kept within factory 
specifications. 

Hypoid gears should be lubricated only with lubricant recommended 
by the manufacturer, since the gear teeth wipe across each other with 
great pressure when in motion, and the lubricant must be able to stand 
this strain. It is dangerous to add one brand of hypoid lubricant to a 
differential that already contains another brand, as chemical action may 
be set up between them to remove the lubricating qualities of both. 

Axle-shaft end play must be kept within specified limits so as not to 
cause excessive wear on the gears, bearings, and splines. This adjustment 
is usually made with shims at the outer ends of the axles. 

Rear- Axle and Differential Lubrication— Particular attention to 
rear-axle lubrication is warranted because the complex character of these 
units makes failure of parts exceptionally expensive and inconvenient. 
Most of the rear-axle parts run in a bath of lubricant, and proper lubri- 
cation consists chiefly of checking at specified intervals to see that this 
bath is maintained at its proper level. As in the case of the transmission, 
lubricants of different viscosities are needed in the rear axle at different 
seasons of the year. 

Changing rear axle lubricants is a simple matter when the rear axle 
is provided with a drain plug— but this is not always the case. When no 
drain plug is provided, it is usually possible to remove one of the cap 
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screws at the bottom of the differential cover and allow the lubricant to 
drain out. In some designs, the differential cover is welded to the hous- 
ing. In such cases, the lubricant must be pumped out with a syringe or 
similar device. 

Proper lubrication of differentials involves inspection at 1,000-mile 
intervals, refilling if needed, and a complete draining, flushing and re- 
filling about every 5,000 miles or once each season. 

Bearings.— Bearings are used in all types of machinery, engines, and 
mechanisms for supporting and controlling the motion of rotating, slid- 
ing, or reciprocating parts. Rotating parts that are supported and con- 
trolled by bearings are usually called shafts, spindles, or axles. Bearings 
are designed to serve their purpose with a minimum of friction, power 
loss, and generation of heat, and are aided in this requirement by suitable 
lubrication. Bearings that support the rotating shaft in a fixed position 
against loads acting perpendicular to the axis of the shaft only are called 
“radial bearings"; those that also are called upon to resist loads parallel 
to the axis of the shaft or bearing are called “thrust bearings”; and those 
that limit the motion of the shaft or moving part to a straight line are 
called “guide” or “slipper bearings." 

Bearings used in motor vehicles are classified as to design as “plain” 
bearings, “roller” bearings, and “ball" bearings. The last two types are 
commonly termed “antifriction” bearings because of their low frictional 
loss. 

Plain Bearings.— Plain bearings encircle the shaft directly, and die 
bearing and shaft usually are made of dissimilar materials separated from 
each other by a film of lubricant. The part of the shaft which rotates in 
the bearing is called the “journal.” Plain bearings usually have a lining of 
low-friction material which supports the shaft through the oil film. Plain 
bearings are used almost universally throughout the engines of motor 
vehicles, even though their frictional losses are higher than the antifric- 
tion type, because they are necessary to obtain sufficient bearing surface 
to withstand the heavy radial thrust resulting from the power impulses in 
the cylinders. The usual construction is to finish and polish the journal 
of the shaft or pin to a mirror-like surface to bear against the lining 
through the oil film. These bearings are generally of the split type, and 
the lining material sometimes is poured or “spun” directly on the bearing 
seat. It usually is furnished as a separate replaceable unit, however, as 
shown in Fig. 4.43. Separate linings usually are strengthened by a steel 
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or bronze backing. These linings contain suitable holes and grooves to 
admit and distribute the lubricating oil, as shown in the illustration. The 

lining material used in passenger- 



car engine main bearings and con- 
necting-rod bearings is usually 
babbitt backed by steel or bronze. 
Because of their higher melting 
points and greater hardness, cop- 
per-lead and cadmium-silver lin- 
ings are sometimes used, especially 
in engines where speeds, tempera- 
tures, and loads are unusually 
high. Plain bearings in the form 
of bronze, brass, or "oilless*’ bush- 


ings, also are found on parts of 
motor vehicles where a loss of energy due to friction is unimpor- 
tant, as on gear pedals, spring bolts, and so on. 


Roller Bearings and Ball Bearings.— These types are known as anti- 
friction bearings because their frictional losses are many times less than 
equivalent plain bearings. Both substitute rolling for sliding friction. 
Roller bearings theoretically provide line contact and ball bearings point 
contact. Actually the rollers and balls flatten somewhat under load caus- 
ing some sliding in operation. These bearings need occasional lubrica- 
tion to facilitate this sliding and to protect their highly polished surfaces. 

Roller and ball bearings are used through- 
out the power-transmission systems of 
passenger cars. Roller bearings are used 
when the load is heavy or the end thrust 
is great, and ball bearings are usually ap- 
plied when the load on the bearing is 
uniform and not heavy, although special 
types of ball bearings are designed to take 
end thrust and heavy loads. 

Fig. 4.44 shows typical commercial 
constructions of ball and roller bearings. 
Ball bearings are classified as radial, angu- 
Fig. 4.44— Typical ball and lar, or thrust. The ball bearing shown at 
roller bearings A is a cup-and-cone or “angular” design. 
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This bearing has an angular contact and is capable of taking radial and 
light thrust loads. The balls are of hardened steel. Such bearings are 
adjustable to a slight degree as lost motion may be eliminated by forcing 
the cup or cone into more intimate contact with the balls. The ball bear- 
ing shown at B is of the annular or ''radial" type and is adapted only for 
radial loads and for very light end thrust; it is not adjustable. Since there 
is only theoretical point contact in ball bearings, friction is low and only 
light oil need be supplied at infrequent intervals for lubrication. In ad- 
dition to the types shown, two rows of balls may be provided. Cages are 
supplied in some types to keep the balls properly spaced and aligned. 
Thrust ball bearings are used to take thrust only; in construction, one or 
more rows of balls are carried in cages between vertical thrust races. 

The roller bearing shown at C is provided with straight rollers and 
can take only radial loads. That shown at D employs conical race mem- 
bers and correspondingly tapered roll- 
ers. Bearings of this type will carry 
not only radial loads but also will re- 
sist end thrusts. Tapered roller bear- 
ings are adjustable for wear by moving 
one of the race members into closer 
contact with the rollers. Roller bear- 
ings, having a theoretical line contact, 
are stronger than ball bearings of the 
same size, but they absorb more power 
because of the increased surfaces in contact. Therefore, heavier oil and 
more lubrication are necessary than with ball bearings. In tapered roller 
bearings the conical surfaces of rolls and races taper to meet at a common 
apex, so that the speeds of all rolling surfaces are related correctly. 

Fig. 4.45 shows a typical installation of tapered roller bearings on the 
front wheels and knuckles of an automobile, arranged to carry both the 
radial and thrust loads. These bearings are usually used in pairs, each 
bearing resisting the end thrust in one direction. 

Roller bearings are either solid or constructed as shown in Fig. 4.46. 
These rollers are constructed by rolling strips of steel into spirals or 
helixes and are arranged in the bearing so that the right and left helixes 
alternate. This construction gives increased flexibility, reducing the 
transmitted strain resulting from sudden shock. The rollers are aligned 
and spaced by central pins, permitting use of a large number of rollers. 
In addition the arrangement of the helixes is such as to keep the lubri- 
cant in continuous circulation over the entire bearing surface. 



Fig. 4.45— Tapered-roller bearing 
installation 
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The cages or separators used to space 
the balls and rollers in antifriction bear- 
ings are constructed so as to present the 
minimum amount of surface to the mov- 
ing parts. These cages are usually made as 
light as possible and of relatively soft ma- 
terial, such as brass. One type of roller 
bearing uses barrel-shaped rollers which 
approximate the contact of ball bearings 
when under light load but, as the load in- 
creases, the bearing area grows larger. Ac- 
curate fittings and close adjustment are 
obtained with solid rollers. Races, cones, 
and cups usually are of case-hardened or completely hardened steel. Bear- 
ing surfaces are ground, lapped, and honed to a precision mirror finish, 



3 

Fig. 4.46— Flexible- or spiral- 
roller bearings 


Final Drives— Military Vehicles 

Traction and Grade Ability.— The two-rear-wheel drive furnished in 
passenger cars and light commerical trucks does not furnish sufficient 
traction to negotiate the steep hills, ditches, streams, trenches, and rough, 
muddy, or sandy terrain encountered in military service since ability to 
obtain traction depends largely upon the load imposed upon the rear 
driving wheels. 

Traction is dependent upon the friction between the ground and the 
tires of the driving wheels. The friction between the tii'es and the 
ground, in turn, is dependent upon the weight on the driving wheels. 
With two-wheel-drive vehicles the weight on the driving wheels is seldom 
more than 60 to 75% of the gross weight of the vehicle, even when fully 
loaded; frequently it is a smaller percentage. With four-wheel drive on 
four-wheel vehicles and six-wheel drive on six-wheel trucks the full weight 
of the vehicle is carried on the driving wheels, thus permitting maximum 
traction. Since the front driving wheels tend to pull the vehicle along as 
the rear driving wheels push it, they help in pulling themselves up out 
of ruts and over obstacles which the idling front wheels of a two-wheel- 
drive vehicle would have difficulty in passing. Conditions often arise in 
which one set of wheels of a four- or six-wheel drive vehicle is driven 
through a slippery place by the other set or sets of wheels which are on 
ground affording adequate traction. 
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The replacement of two-wheel drive with four-wheel drive on four- 
wheel vehicles, and of two- or four-wheel drive with six-wheel drive on 
six-wheel vehicles, is the major modification that must be made to adapt 
commercial trucks and passenger cars to military service, and is the change 
that has the greatest effect on fundamental design and production. 



Fig. 4.47— Schematic diagram of two types of military truck 
drives— (above) six-wheel all-wheel drive— (below) four-wheel 
all-wheel drive 


Four-Wheel Drive.— The flow of power from the engine to all four 
wheels of a four-wheel-drive vehicle is illustrated schematically at the 
bottom of Fig. 4.47. This type of drive is used on all \/ A -, i/ 2 -, and 11^-ton 
military trucks. The engine is usually mounted higher than it is in pas- 
senger cars and many light commercial trucks to protect it from water 
when fording streams, and from mud and obstacles. From the engine, 
clutch, and transmission assembly, a short propeller shaft transmits the 
power horizontally to a transfer gear box shown in the center of the 
vehicle. From the lower part of the transfer box one propeller shaft ex- 
tends backward to the rear-axle gears in the conventional manner, and a 
second propeller shaft projects from the right side of the transfer box 
forward to the front-axle gears (Fig. 4.4.8). The front axle, front-axle 
gears, and front-axle differential are of similar or the same construction 
as the rear axle, rear-axle gears and rear-axle differential with one im- 
portant difference necessary to permit steering. To allow the front wheels 
to be turned for steering at the same time that they are being driven by 
the engine, special types of constant-velocity universal joints are used to 
replace steering knuckles of conventional vehicles (Fig. 4,49). Because of 
the high torque in the axle shafts and the large angular steering move- 
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ment, these universal joints must be of special design. The front driving 
axle utilizes most of the parts used in the commercial-type rear driving 
axle to provide maximum interchangeability. 


From this discussion it is evident that the necessary modification to 
replace two-wheel drive with four-wheel drive is to interpose a transfer 
case in the conventional propeller shaft and add front-wheel drive. Since 
the all-wheel drives of military trucks are of the Hotchkiss type, both 
front-axle and rear-axle propeller shafts are provided with a roller or 
needle-bearing type universal joint at each end. Rear-axle and front-axle 
gears are either of the hypoid or spiral-bevel type. Provision for declutch- 
ing or disengaging the front-wheel drive when its use is not necessary (for 
example, when traveling on paved highways) is usually incorporated in 
the transfer case of the drive. 

In one make of i i/ r ton military truck, the two-speed transfer case has 
gear ratios of 1:1 and 1.94:1; gears are made of heat-treated alloy steel. 
This design of military truck drive incorDorates hypoid drive gears in the 


Fig. 4.48— Front view of l/^-ton military truck showing 
arrangement of front-axle drive 
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front and rear axles which are of full-floating design— the same design 
used on commercial trucks of the same make. To retain essentially the 
same design of front axle as the rear axle, the former unit is rotated 180 
deg with the pinion in the rear position and above the ring-gear center. 
The ring gear turns in the same forward direction as does the rear-axle 
unit to maintain the maximum efficiency of the hypoid design. This is 



Fig. 4 . 4 g— Section of military front-drive axle showing arrangement 
of universal joint and steering linkage to produce front drive in a 

steering axle 


accomplished by incorporating an additional shaft and gear set in the 
transfer unit so that the front-drive propeller shaft is rotated opposite to 
the rear-axle propeller shaft, These trucks are provided with a rolling- 
ball type of universal joint at the front wheels to permit steering. This 
universal joint is designed so that it transmits a constant angular velocity. 

Another large producer of military trucks uses hypoid gears on i/£-ton 
military trucks and spiral gears on ii^-ton models. The axle ratio for 
i/£-ton trucks is 4.89:1, and for ii/£-ton trucks is 6.6:1. Front wheel stops 
are employed to limit the angle of cramping to 28 deg. Both front and 
rear differential assemblies are interchangeable for each size of truck. 
Constant-velocity universal joints are used in the front-axle steering drive 
ends. Both front and rear axles are of the full-floating type. 

Six- Wheel Drive.— This type of drive is used on all 2 ]^-, 4-, and 6-ton 
military trucks. This drive is shown schematically in the upper part of 
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axle, transfer case, and tandem-drive rear axle unit 
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Fig. 4 - 47 * Power flows from the engine to the transfer case through an 
engine propeller shaft, and from the front of the transfer case forward to 
the front axle through a front propeller shaft, the same as it does in the 
four-wheel drive. From this point, each of the rear axles is driven by a 
separate propeller shaft extending from the transfer case, comprising a 
tandem-drive rear-axle unit. (See Fig. 4.50.) 

QUESTIONS 

1. How does a "Hotchkiss drive" differ from a torque-tube drive? 

2. What is the function of universal joints in power transmission? How 
do they operate? 

3. Why are slip joints necessary? Explain how they perform their function. 

4. What are the two purposes that final drives serve? Explain. 

5. How can the gear raLio of a final drive be determined? 

6. Why are "hypoid" gears used almost universally in the final drives of 
American cars? 

7. Why are differentials necessary? Explain. 

8 . What part of the differential is attached to Lhe ring gear? 

g. Under what conditions will the pinion gears of the differential rotate 
on their shafts? When will they not rotate on their shafts even though the 
ring gear is turning? 

10. To which gears of the differential are the axles attached? Explain. 

11. What are the chief objections to the bevel-gear differential? How are 
they overcome? 

12. How can you distinguish between a semi-floating axle and a three- 
quarter-floating one? 

13. Describe briefly the several functions of the axle housing. 

14. Outline some important features of rear-axle and differential lubrication. 

15. Distinguish between "thrust bearings,” "radial bearings," and “slipper 
bearings.” 

16. List all the parts of an automobile where plain bearings are used. 
Give the reason for their use in each case. 

17. How do roller and ball bearings differ in construction from plain 
bearings? 

18. List all the places in an automobile where ball or roller bearings are used. 

ig. Why are some roller bearings tapered? 

20. Why is it dangerous to add one brand of hypoid lubricant to a differ- 
ential that already contains another brand? 

SUGGESTED PROJECTS 

t. To show differential action, raise the car so that both rear wheels are 
free. Make sure that the front wheels are well blocked. Turn the engine by 
hand cranking, self starter or have it run at idling speed. Shift to a speed 
that will turn the wheels slowly. With both wheels turning, stop one and 
notice the other. Try to reverse the stopped one and notice the effect on the 
other. 
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CHAPTER 13 

COOLING SYSTEM 

As previously shown, the internal-combustion engine is a machine £ot 
transforming heat into mechanical energy. Unfortunately, only 25% of 
the heat generated can be so transformed and, about 35% of the heat 
wasted must be removed by the cooling system. Other heat is lost through 
the e xha ust system. To understand why so much heat energy must be 
wasted and how the cooling system removes much of it, one must know 
the nature of heat and temperature, and how heat is transmitted. Heat 
is the kinetic energy of the molecules. This means that an object that 
contains heat has its molecules in a rapid vibrating motion. The more 
heat the body contains, the more energy its molecules have. Temperature 
and heat are not the same. Two objects of different size but of the same 
material at the same temperature will have different amounts of heat. 
The larger one obviously has more heat. Temperature is sometimes said 
to be an indication of the speed with which the molecules are vibrating. 

The temperature of different engine parts is an important factor in 
their correct operation. We should always use accurate thermometers in 
measuring these temperatures. The two types of thermometers are called 
Fahrenheit and Centigrade. The Fahrenheit thermometer is the one used 
commonly in the United States and its possessions. The Centigrade scale 
is used in scientific work everywhere and in common practice outside the 
U. S. A. Confusion sometimes attends their use unless we keep in mind 
certain essential features characteristic of each. The Fahrenheit ther- 
mometer would read 212 0 in pure boiling water at sea level while the 
Centigrade thermometer would read ioo°. The Fahrenheit scale reads 
3 2° when placed in freezing pure water or melting ice and the Centigrade 
scale would read o°. A Fahrenheit degree is % of a degree Centigrade. 
To convert one temperature reading to another, a formula may be used 
in either of two forms. 

°C - % (°F - 32 °) °F = % °C + 32 0 
200 
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Transmission of Heat— Heat travels by conduction, convection, and 
radiation. Materials that conduct heat well are called conductors. They 
can be recognized by the fact that when one end is heated, tire other end 
gets almost as hot as the heated end without any apparent motion. 
Nearly all conductors of heat are metals. Liquids and gases are poor con- 
ductors of heat. They are called insulators. However they transmit heat 
by moving currents called convection currents. These currents are set in 
motion by the fact that, when gases and liquids are heated, some portions 
become hotter than others. The hotter portions are less dense than their 
cooler neighbors, which, in turn, push them up. This sets up the circu- 
lation which continues until all portions are at the same temperature. 
Radiation is the method of heat transmission that resembles the trans- 
mission of light. It is the method by which heat can travel through a 
vacuum. The nature of the surface of a body determines how well it can 
give off heat by radiation. Black rough objects are the best radiators of 
heat. 

Materials vary in their heat absorption ability. Some will become 
very hot with little addition of heat. Others can absorb a great deal of 
heat with small change in temperature. Liquids, in general, excel in heat- 
absorption ability and hence are used to carry away excess heat. Ma- 
terials used for such purposes are called coolants. Liquids absorb a great 
deal of heat when they change to vapor by evaporation or boiling. If a 
liquid is being used as a coolant, care must be taken to avoid conditions 
that will permit so much heat that the liquid will disappear as a vapor. 

An engine that is not cooled will soon reach a temperature which will 
seriously harm its functioning. Too intense heat can cause the lubricant 
to be burned up, with a resulting scoring of cylinders, binding of pistons 
and bearings, warping of valves or any one of a variety of other mechani- 
cal troubles. So, a cooling system is needed to keep the engine from 
getting so hot as to cause these difficulties and yet permit it to run hot 
enough to insure maximum efficiency of operation. The duty of a cooling 
system, in other words, is to keep the engine from getting too hot— not to 
keep it cool. Most passenger-car engines operate best when the water 
leaving the water jacket is 180 to goo 0 F but well under the boiling point. 

Types of Cooling Systems.-The type of cooling system is deter- 
mined by the nature of the coolant. Air or a liquid such as water are the 
most common coolants. 

Air Cooling— Air cooling has found widespread use in airplane en- 
gines and motorcycles where the conditions of operation are very different 
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from those encountered in automobile engines. Air-cooled engines are 
also used in tanks. 

In these engines the water pump, water jackets, radiator base connec- 
tions, and the problem of cold-weather maintenance are eliminated. 
Again, in combat work, an air-cooled engine is less vulnerable to gunfire. 

Air cooling had its widest use in America in the Franklin car which 
is no longer manufactured. Since cooling by air depends mostly upon 
the conduction of heat from the cylinders to the air, the conducting outer- 
surfaces of the cylinder were increased by the addition of fins and flanges. 
This increase in area also aided removal of heat by radiation. In the 
Franklin, integral cooling fins were placed on both cylinders and heads. 
An air duct on the left side of the engine blew air crosswise through the 
fins to the right side, the duct tapering from front to rear so that an equal 
supply of air was sent to all cylinders without the use of baffles. Because 
of their speed through the air, airplane and motorcycle engines do not 
require diversion of any of their available power for the operation of a 
blower for air cooling. 



Fig. 5 . 1 — Water circulation in typical thermostatically controlled bypass 

cooling system 

Liquid Cooling.— In the cooling system of all American passenger 
cars, the water (see Fig. 5.1) is circulated through jackets around each 
of the combustion chambers, cylinders, valve seats, and valve stems, and 
is kept in motion by a centrifugal pump which is driven by a V-belt from 
a pulley on the engine crankshaft. After passing through the engine 
jackets, the water is passed through the radiator where it is cooled by air 
drawn through the radiator by a fan and by the air flow developed by the 
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forward motion of the car. Often the fan and pump are mounted and 
driven on a common shaft. After passing through the radiator, it passes 
out through a radiator outlet hose, back through the water pump and 
through a cylinder inlet hose back through the engine jackets again. 

Water Jackets— These are spaces surrounding the cylinder walls, 
intake ports, exhaust ports and in the outside of the cylinder block. Water 
jackets also exist in the engine head and are connected to those in the 
block. The water usually leaves the engine from the jackets in the head 
and enters the engine block at the bottom or side. See Fig. 5.1. 

Water Pu m p— Commonly used is a centrifugal type of pump in 
which the water entering the pump at the center is caught by rotating 



Inlet 


Fig. 5.2— Centrifugal water pump 

vanes and is thrown to the outside by centrifugal force (Fig. 5.2). The 
casing limits its outward motion, but allows the blades to impel it in 
circular motion, the pressure against the casing increasing until the outlet 
pipe is reached. Here the resistance to its outward motion is removed and 
the stored-up energy forces the water through the discharge pipe to the 
water jackets. The rotating member, called the '‘impeller, consists essen- 
tially of a disc on which vanes or paddles are attached. 

The pump either is driven from the fan belt or is mounted on a com- 
mon shaft with the fan. Because of the clearance between the impeller 
blades and the casing, centrifugal pumps are non-positive in action and 
will not build up dangerous pressures if an obstruction should occur in 
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the radiator or other part of the system, as would, for example, a positive 
geared pump. 

Radiators.-The purpose of a radiator is to present a large amount 
of cooling surface to the air so that the water passing downward through 
it in thin streams is cooled efficiently. To accomplish this, there are 
many constructions varying in design, partly in accordance with the ideas 
of different engineers and partly in accordance with the limitations im- 
posed on radiator areas by modem automobile body design. 

The radiator consists essentially of an upper tank containing the filler 
tank and a lower tank. Between these is the "core” or radiating element. 
The upper tank is connected to the water outlet or outlets from the en- 
gine jacket by rubber hose, and the lower tank is connected by hose to 
the jacket inlet through the pump. 
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Fig. 5-3— Types of radiator cores 


All radiator cores may be classed as either tubular or cellular. 

A tubular radiator is one in which the upper and lower tanks are 
connected by a seiies of tubes through which water must pass. In modern 
cars, these tubes are vertical, although zigzag patterns were also used 
formerly. Typical tubular constructions are shown in Fig. 5.3. 
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A cellular radiator is composed of a large number of individual air 
cells -which are surrounded by water (Fig. 5.3), the course of the water 
through the radiator not being confined to any definite vertical or angular 
course. Because of its appearance the cellular type usually is known as a 
"honeycomb” radiator, especially when the cells in front are hexagonal 
in form. 

Since the water passes through all the tubes of a tubular ra dia tor, if 
one tube becomes clogged, the cooling effect of the entire tube is lost. In 
the cellular construction, the clogging of any passage results in a loss of 
but a small part of the total cooling surface. 

Fans. — As already indicated, the purpose of the fan is to draw air 
through the radiator with which to cool the water, supplementing the 
forward motion of the car. Fans are driven by belts made of a rubber 
composition and are called "V-belts” because of their V-shaped cross- 
section. The fan bracket is so constructed that the tension on the belt is 
adjustable. At all times the belt should be under sufficient tension to 
prevent slippage. Fans require but little power and usually run at a 
speed greater than that of the crankshaft. Fans usually have four blades. 
Frequently the blades are spaced unequally around their spiders to pro- 
mote quieter operation. They are mounted on ball bearings to reduce 
friction as much as possible. 

Bypass Recirculation.— Most modern cooling systems embody a ther- 
mostatic device which prevents the water in the engine jackets from 
circulating through the radiator for cooling until its temperature has 
reached a height suitable for efficient engine operation. The location and 
detailed functioning of these devices vary with different designs, but the 
principle of operation is the same in each case. 

Fig. 5.1 illustrates the water circulation in a typical thermostatically 
controlled bypass system. Fig. 5,4 shows schematically the flow of water 
during recirculation and normal circulation. In this system, when the 
engine is first started and is cold, the valve operated by the thermostat is 
held tightly closed. This prevents the water pump from drawing water 
from the radiator. Then the water circulates from the pump through 
the cylinder block to the thermostat, through the water bypass shown to 
the water inlet passage and back to the pump. 

As the engine becomes heated and the small amount of circulated 
water becomes warm, it causes the thermostat to function, causing the 
valve to the radiator to open. Then the water circulates through the 
whole system as previously described. The amount of water circulated 
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through the radiator depends upon the temperature of the water, which 
governs how far the thermostat opens the valve. The thermostat is set 
to start to open the valve admitting water to the radiator at a certain 
temperature (usually about 155 0 F). At a predetermined higher tempera- 
ture (about 173 0 F) the valve is fully open. The thermostat consists 
essentially of a metal bellows containing a temperature-sensitive liquid 
which expands the bellows as heat is applied by the jacket water and 
contracts the bellows as the water cools. 




Water 

jackets 


Fig. 5.4— Water flow during recirculation through bypass and normal 

circulation 


The bypass is closed off from the remainder of the system when the 
hot water is flowing through the radiator by means of a spring-loaded 
poppet valve. When the thermostat holds the valve leading to the radi- 
ator in a closed position, the pressure in the passage leading to the bypass 
increases, overcoming the valve spring pressure and opening the bypass 
valve automatically. When the thermostat opens the valve leading to the 
radiator, the pressure in the bypass is relieved and the spring closes the 
bypass valve automatically. The arrangement and operation of these 
valves are shown in Fig. 5.4. 

Automatic Radiator Shutters.— Instead of keeping the water from 
circulating through the radiator for quick warm-up and cold-weather 
operation, the cooling systems of some cars employ thermostatically con- 
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trolled radiator shutters that shut off the cooling air from the radiator 
when the jacket water is below a predetermined temperature. The ther- 
mostat often is built into the top of the radiator as shown in Fig. 5.5 and 
operates the shutters through the linkage indicated. These shutters 
assume a closed position when the engine is cold. When the jacket water 
reaches the temperature for which the thermostat is set, the thermostat 
starts to open the shutters. Like the bypass recirculation system, the 


Hose 



1 


Fig. 5.5— Thermostat arranged for controlling radiator sliuLters 


purpose of automatic shutters is to keep the cooling water as close to a 
constant efficient temperature as is practicable. 


Closed Systems.— When a cooling system is open to the atmosphere, 
the temperature of its cooling water is limited by its boiling point (212° 
F) or lower if the coolant contains anti-freeze materials that lower the 
boiling point of the mixture. In some systems the boiling point of the 
coolant is raised by keeping it under pressure in a closed cooling system. 
To prevent pressure in the system from becoming excessive and causing 
leaks in the system, pressure relief valves are used to open the system to 
the atmosphere whenever the pressure in the system exceeds a predeter- 
mined value. In the cooling systems of one line of cars, the relief valve 
is incorporated in a tight-fitting radiator filler cap. This relief valve is 
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set to relieve any pressure in the cooling system above 7 lb per sq in. 
When the pressure in the cooling system is 3.5 lb per sq in., the boiling 
point of the water is raised to 225 0 F. 

Advantages claimed for the closed pressure system are that, by raising 
the boiling point of the coolant, the cooling capacity of the system is 
raised; there is less likelihood of boiling over; and fuel vaporization and 
distribution are improved. 

Thermo-Syphon.— In the thermo-syphon type, the water enters the 
cylinder jacket at the inlet connection and, upon becoming heated by the 
combustion within the engine, expands and rises to the top tank of the 
radiator from whence it enters the radiator core. As the water cools, 
it becomes heavier and therefore sinks to the bottom of the cooling system 
ready for recirculation, replacing the hot water leaving the upper part of 
the jacket. This type of heat transfer has already been described as con- 
vection currents in liquids. The thermo-syphon system is quite obsolete. 

Anti-Freeze Mixtures.— There is little chance of the pump-circulated 
water in the cooling system of a modern car freezing while the car is in 
operation, but there is every chance of such freezing when the car is 
parked in unheated areas when temperatures are below freezing. When 
this occurs, the expansion may cause the water jackets, pipes or radiator 
to break. 

To prevent freezing, various mixtures are added to the water in the 
winter to lower beyond the danger point the freezing temperature of 
the liquid in the cooling system. The ideal requirements for an anti- 
freeze mixture are: 

1. It should cause no harmful effect to any part of the cooling system with 
which it comes in contact. 

2. It should he easily dissolved in or combine with water. 

3. It should be reasonably cheap. 

4. It should not waste by vaporization; that is, its boiling point should be 
as high as that of water. 

5. It should not deposit any foreign matter in the jackets or pipes. 

The materials commonly used are wood alcohol, denatured alcohol, 
glycerine, ethylene glycol, mixtures of alcohol and glycerine, and various 
mixtures of other chemicals. Each type has some advantages and disad- 
vantages. Alcohol, being more volatile and having a lower boiling point 
than water, evaporates, making constant additions necessary. For this 
reason, alcohol mixtures should be checked frequently with a suitable 
hydrometer. Glycerine has some tendency to attack rubber hose con- 
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nections slightly unless the inside of the hose is shellacked. Ethylene 
glycol and glycerine are relatively high in price per quart, but do not 
evaporate and hence may prove cheaper in the long run if loss through 
leakage does not occur, 

Servicing the Cooling System.-Service of the cooling system can be 
divided into three units: (1) the water pump; (g) the fan and fan belt; 
and (3) the radiator, hose connections, water jackets in the cylinder block, 
and thermostats. 

Water Pump.— Trouble usually is caused by the packing. The type 
of pump with an adjustable packing nut can be tightened easily; it should 
be tightened just enough to stop the water from leaking past the packing 
along the pump shaft. When the self-adjusting type of pump leaks, the 
pump must be removed, and the pump shaft pressed out of the pump 
housing. A new packing unit is then installed, and the pump re-assem- 
bled. 

In both types of pump, when the shaft, bushings or bearings develop 
side play, they should be replaced. If the shaft is worn where the 
packing fits, it should be replaced. The old bushings should be pressed 
out, new ones pressed in, and reamed to the new shaft for a fit without 
play, but not snug. Shafts operating in bearings that are sealed in lubri- 
cant must be replaced as a unit when the bearing fails. Heavy water- 
pump grease is used to lubricate the bushings on other pumps. 

Water-pump noises are due to dry bearings or bushings, a loose pulley 
on the pump shaft, an impeller loose on the shaft, or too much end play 
in the shaft. This end play is caused by the pulley not having been 
pressed on far enough. 

Fan and Fan Belt.— A fan shaft that is noisy because of inadequate 
lubrication is serviced in the same way as a pump shaft. 

When the fan belt is too tight, there will be a continual squeaky noise 
and the belt will wear out rapidly because it is abnormally stretched. If 
the belt is too loose, it will squeak also. A loose belt will cause the en- 
gine to overheat and will affect the generator so that it will not be able 
to keep the battery charged. Broken pulley flanges or pulleys not prop- 
erly aligned will cause excessive belt wear. 

Radiator, Hose, Water Jackets, and Thermostats.— Besides a loose 
or broken fan belt, engine overheating is caused by water leaks through 
the pump packing; holes in the radiator; scale formation that clogs the 
radiator core or passages in the engine block; late ignition timing; ob- 
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structions across the front of the radiator core; rotted or collapsed hose 
connections; preignition; cylinder-head gasket assembled improperly, 
keeping the water from passing from the cylinder block to the cylinder 
head; thermostat installed or operating improperly; excessively heavy 
engine oil; anti-freeze in the cooling system of too low boiling point; 
excessively small bearing or piston clearances; and dragging brakes. 

In other words, any undue friction either in the motion of the me- 
chanical parts of the car or in the passage of water around the cooling 
system will overheat the engine. This overheating will cause a loss of 
power and efficiency of the engine and rapid wear of moving parts. 

The hose connections, in time, will swell inward and restrict the pas- 
sage of water, and the hose between the water pump and lower tank of 
the radiator sometimes collapses. Such hose, of course, should be re- 
placed. Most thermostats are stamped with the temperature at which 
they should start to open to let the water pass from the engine to the 
radiator. The manufacturers’ shop manuals also indicate these tempera- 
tures. These temperatures can be checked by placing the thermostat in a 
pail of water. While heating the water in the pail note the reading on a 
thermometer immersed in the water when the thermostat opens. This 
opening temperature is specified as between 152 and 160° F. 

Rust and scale formation are the most common causes of engine over- 
heating. The impurities in the water or the composition of the water in 
different localities will determine to a large extent just how much rust 
and scale will form. Air sucked into the system through the water pump 
will cause a great deal of rust, and is particularly damaging to aluminum- 
alloy cylinder heads. Oil and grease can get into the water past the cylin- 
der-head gasket if it is not tightened down properly, or they can get in 
through the water pump where the bushing is lubricated. All these 
causes can band together to form scale and cause corrosion or rust in the 
system. Not only does this scale restrict the passage of water but, as the 
scale builds up on the radiator tubes, it makes it more difficult for the 
air drawn between the tubes by the fan to cool the water. In other words, 
scale formation on the radiator tubes impedes the flow of heat from the 
water to the air. 

The use of an alkali or kerosene will cut the oil and grease in the 
cooling system but will not dissolve the scale formation. Acid will dis- 
solve the scale but will not cut the oil and grease. Either one may help 
a little. The flow of water through a radiator, depending on the make 
and model of car, should be between 18 and 60 gpm, with an average 
around 30 gpm. A clogged radiator sometimes will reduce the water flow 
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to as little as 3 gpm. Besides the use of an alkali or acid, a reverse flush is 
very effective in all radiators, and in some engine blocks, as all manu- 
facturers do not recommend it in the latter. This reverse flush is made 
by means of a special nozzle which fits into the lower hose connection and 
introduces water and compressed air into the radiator. The reverse flow 
of water under pressure loosens the scale and rust and forces it out the 
upper radiator connection, to which a long hose reaching under the en- 
gine has been attached. The radiator and cylinder block should be given 
a reverse flush separately for best results. 

Some engine blocks are provided with removable covers so that scale 
and corrosion may be scraped out of the water jackets. When replacing 
such a cover, a new gasket always should be installed. 


QUESTIONS 

1. Why do engines have to be cooled? 

2. Is it the object of the cooling system to keep the engine as cold as 
possible? Explain. 

3. List the advantages of the air-cooled system over the liquid-cooled 
system. 

4. Why are all American-built automobile engines liquid-cooled? 

5. Why is water a common coolant? 

6. By what method of heat transfer does heat travel from the cylinder 
walls to the water in the water jacket? Explain. 

7. In what part of the liquid-cooled system is most of the heat transferred 
to the air? Explain. 

8. What happens to the liquid coolant if its boiling point is reached? If 
its freezing point is reached? 

g. How will engine performance be affected if the conditions in Question 
8 are present? 

10. List all the precautions that will prevent a coolant: (a) from reaching 
its boiling point (b) from reaching its freezing point. 

11. By what method of heat transfer does a thermo-syphon system cool an 
engine? Explain. 

12. Explain the function of the thermostat in the cooling system. 

13. List the emergency measures that may be taken to run an engine whose 
fan belt is broken and cannot be replaced. 

14. Convert the following Fahrenheit temperatures to Centigrade. 68°, 
120 0 , 212 0 , 498°. 

15. Convert the following Centigrade temperatures to Fahrenheit. 20°, 
ioo°, 240°, 4500°. 

16. Explain how an automatic radiator shutter helps to warm up the en- 
gine rapidly and keep it at an efficient temperature. 

17. List the advantages claimed for the closed-pressure cooling system. 

18. What are the requirements of an anti-freeze mixture? 
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19. Explain why the accumulation of insects on a radiator or radiator grille 
might cause an engine to overheat. 

so. List the advantages and disadvantages of all the common materials used 
in anti-freeze mixtures. 

si. What conditions are chiefly responsible for the formation of rust and 
scale in the cooling system? 

22. Explain the function of the radiator in the cooling system. 

23. Distinguish between a tubular and a cellular radiator. 

24. What is the function of the fan in the cooling system? 

25. List some common cooling system troubles and their remedies. 


SUGGESTED PROJECTS 

1. Secure a broken cylinder head. Examine the water jackets. Note their 
varying size and the nature of the deposits left in them. 

2. A section of a radiator can be cut easily from a discarded one with a 
hacksaw. Note the parts shown in Fig. 5.3. 

3. A water pump may be disassembled as shown in Fig. 5.2. 

4. A thermostat can be heated in a beaker of water. The temperatures 
when it just starts to open and when it is fully open can be recorded. 

5. A cylinder block can be sectioned by the use of an electric drill, chisel, 
and hacksaw so as to expose the water jackets around the cylinders. 
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CHAPTER 14 

COMBUSTION AND FUELS 

Chemistry of Combustion— Combustion is any chemical action in 
which light and heat are produced. In an internal-combustion engine the 
chemical action takes place between the fuel and a portion of the air with 
which it is mixed. Only the heat that is produced is utilized in the engine. 
The products of the chemical action have to be removed. 

The type of combustion that takes place in an engine is commonly 
called burning. Burning is an example of chemical change. In a chemi- 
cal change a substance loses those characteristics by which we recognize 
it and is changed to a new substance with different properties. The fuel 
gasoline is burned in the engine, and the products that result no longer 
resemble gasoline. 

The gasoline in the fuel lines differs from the gasoline that is drawn 
into the engine. As it passes through the carburetor and intake manifold 
and is mixed with air, the gasoline is changed from a liquid to a vapor. 
This process of vaporization is called a physical change. No new sub- 
stance is formed since the gasoline vapor is still recognized as gasoline. 
Diesel fuel oil and gasoline are both mixtures of volatile hydrocarbons. 
A hydrocarbon is a compound of hydrogen and carbon. A compound is 
a substance that can be separated by chemical means into two or more 
simpler substances. Hydrogen and carbon are examples of elements. In 
chemistry an element is defined as a substance which cannot be separated 
into simpler substances by chemical action. 

Only a portion of the air that is mixed with the fuel before it is ignited 
takes part in the combustion. This part of the air is the element oxygen 
which constitutes about one-fifth of the air by volume. Oxygen is essen- 
tial for practically all chemical reactions known as burning. 

The presence of the fuel and oxygen will not always insure combus- 
tion. Substances must be raised to a certain temperature before they will 
start to burn. The kindling temperature of a substance is the lowest tem- 
perature at which it will start to bum in air. In a gasoline engine the 
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heat necessary to raise the mixture to its kindling temperature is fur- 
nished by the ignition spark. In a diesel engine the mixture is raised to 
its kindling temperature by the heat of compression, although, in some 
types, a hot bulb may be used for starting. 

Products of Combustion— When a hydrocarbon burns, the hydrogen 
and carbon combine with the oxygen of the air. The combination of 
hydrogen and oxygen forms water which usually appears as a vapor in 
the exhaust. The carbon combines with the oxygen to form carbon diox- 
ide, a harmless gas if the concentration is not too great. 

In the engine the fuel never bums completely. As a result, products 
other than those just mentioned are formed. One is a poisonous gas called 
carbon monoxide. It is a compound of carbon and oxygen which has not 
received enough oxygen to form carbon dioxide. Engines that are run- 
ning with an insufficient supply of air (a rich mixture) have a higher per- 
centage of carbon monoxide in their exhaust gases than have engines that 
are running with a correct supply of air. Combustion analyzers measure 
the percentage of carbon monoxide in the exhaust and use it as an indi- 
cation of the efficiency of the engine. Another result of the incomplete 
burning of the fuel is the deposition of carbon in the combustion cham- 
ber where it interferes with proper engine performance. 

Explosive Mixtures.— The rate at which a fuel burns determines 
how rapidly the gaseous products are formed. A very rapid accumulation 
of expanding gases in a limited space is called an explosion. A fuel can 
be made to bum faster if it is surrounded with more oxygen. To achieve 
this result, fuels are vaporized or “atomized” and thoroughly mixed with 
air. Such a mixture is called an explosive mixture when it is confined. 
Many finely divided dusts under certain conditions form explosive mix- 
tures. 

Gasoline is made into an explosive mixture in the carburetor and the 
intake manifold. There a series of devices act to break up the liquid fuel 
into small particles, change it to a vapor, and thoroughly mix it with air. 
The exact operation of these devices will be described in the next chap- 
ter “Carburetion." 

Fuels.— Crude oil or petroleum is the principal source of present day 
motor fuels. It occurs together with natural gas beneath the surface of 
the earth, from which it is obtained by drilling wells. This crude oil is 
sometimes thick like tar, sometimes oily and heavy like amber-colored 
cream, and sometimes light and volatile like the gasoline which it yields. 



COMBUSTION AND FUELS 


215 


In color it ranges from almost black, yellow, or brown through shades of 
green to colorless. Petroleum has been found on every continent and is 
produced on a commercial scale in some 25 countries, but the United 
States is by far the most important oil producer. 

Petroleum is composed principally of organic compounds which art 
known as hydrocarbons because they contain only the elements of hydro- 
gen and carbon. It generally contains small quantities of sulfur, water, 
and other impurities as it comes from the earth. Because there are so 
many different ways in which hydrogen and carbon can combine with 
one another, petroleum contains a wide variety of hydrocarbons, and all 
petroleums are by no means identical in composition and properties. 
These hydrocarbon constituents may be gases, liquids, or solids, and the 
relative proportions of each type in the crude oil determine its charac- 
teristics. The job of the refiner is to sort out the various groups, or “frac- 
tions,” of crude oil, polish off the rough edges, and deliver them to the 
market under their appropriate name of gasoline, kerosene, lubricating 
oil, fuel oil, asphalt, etc. He does this by means of heat and pressure with 
or without the use of chemicals. 

Production of Gasoline.— Gasoline is the lightest, or, as it is more 
often termed, the most volatile liquid petroleum fraction. All material 
boiling up to about 40o°F is generally considered to be in the gasoline 
boiling range. There are many different kinds of gasoline named accord- 
ing to the method by which they are made from crude oil. 

1. Natural Gasoline.— It has already been mentioned that petroleum 
is associated in the earth with natural gas, and that the material taken 
from oil wells is a mixture of these two products. By compressing this 
natural gas, a very volatile liquid is obtained which is known as natural 
gasoline. Other methods of removing the natural gasoline are known and 
used. The most recently developed one utilizes refrigeration. By cooling 
the natural gas to a low enough temperature, the gasoline condenses, just 
as steam on cooling condenses into water. About 7% of all the gasoline 
produced in this country is natural gasoline. 

2. Straight-Run Gasoline.— Crude oil is a mixture of compounds of 
varying weight, or volatility, each of which has its own boiling point. The 
constituents of crude oil vaporize on heating in the order of their boiling 
points. Gasoline, being the lightest liquid material, boils off first, then 
kerosene, then gas oil, lubricating oil, and fuel oil, leaving a heavy residue 
from which asphalt and tar can be made. This process is known as distil- 
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lation and is usually carried out at atmospheric pressure. As the vapors 
are formed, they are collected and condensed in separate groups accord- 
ing to the temperatures. These groups are, then, the various fractions of 
the crude oil. The gasoline obtained by distillation is called straight-run 
gasoline. It should be apparent that the properties of such a gasoline are 
entirely dependent upon the properties of the crude oil from which it 
was distilled. An average crude oil will yield about 25% of straight-run 
gasoline. At present, straight-run gasoline constitutes about 43% of the 
total gasoline production in this country. 

3 . Cracked Gasoline— With the growth of the automotive industry 
during the 1915-1920 period, the demand for gasoline increased to such 
an extent that it could no longer be met economically by natural and 
straight-run gasoline alone. 

Accordingly, the thermal cracking process was developed which, by 
increasing the yield of gasoline from crude oil, added to the motor fuel 
supply and at the same time conserved the petroleum resources of the 
United States. In thermal cracking, high temperatures and pressures are 
applied to the heavier petroleum fractions remaining after the straight- 
run gasoline and other desirable constituents have been boiled off. This 
treatment breaks the heavier fractions down into materials in the gasoline 
boiling range. Gasoline so produced is called cracked gasoline. Due to 
die heat and pressure treatment, it has a different chemical composition 
than the straight-run gasoline from the same crude oil source. Although 
cracked gasoline at first was thought to be inferior to straight-run gasoline, 
it was later found to be a superior fuel for automobile engines. Because 
of this, increasing quantities of straight-run gasoline are now being 
cracked. 

When the material charged to the cracking unit is straight-run gaso- 
line, the process is known as reforming, and the product is called reformed 
gasoline. Reformed gasoline like cracked gasoline has a different chemi- 
cal composition than the straight-run material. Thermally cracked and 
reformed gasolines now constitute about 49% of the total gasoline pro- 
duction in the United States. 

Within the past few years, a new method of cracking has been intro- 
duced which uses a catalyst as well as heat and pressure to effect the 
conversion. To distinguish this process from the purely thermal one 
described above, it is called catalytic cracking, and the product is known 
as catalytically cracked gasoline. The catalytic action not only permits 
the use of lower temperatures and pressures, but also controls the chemi- 
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cal reaction more closely so that the product is of a higher quality. A 
catalyst is defined as a compound which aids or controls a given reaction 
without itself being changed or consumed in the conversion process. 
Thus, it can be used over and over again. Straight-run gasoline can also 
be reformed by catalytic means, and it is then known as catalytically re- 
formed gasoline. 

4. Polymer Gasoline and Alkylate.— In the operation of the distilla- 
tion, cracking, and reforming processes, a great deal of gas is formed. 
For a long time this gas was considered a waste product and was used as a 
fuel for the refinery furnaces. Within the past few years, however, it has 
been found that certain hydrocarbon constituents of these gases can be 
made to react with one another under suitable conditions of heat and 
pressure, with or without a catalyst, to yield a liquid product boiling in 
the gasoline range. The products of these reactions are known as polymer 
gasoline and alkylate, respectively, depending upon whether like hydro- 
carbon gases or unlike ones have been joined together to yield the liquid 
product. These processes are just the opposite of cracking since the prod- 
ucts are built up from gases rather than formed by the destruction of 
heavier crude oil fractions. 

Commercial Motor Fuel.— Commercial motor fuels are generally 
blends of these different refinery gasolines. The amounts of these various 
materials used in the final motor fuel blend is governed by the expense of 
production as well as by the blending characteristics of the individual 
products. Comparatively speaking, straight-run gasoline and thermally 
cracked gasoline are the least expensive to produce and are produced in 
the greatest quantity. Consequently, they constitute the greatest propor- 
tion of commercial motor fuels. Small amounts of natural gasoline, poly- 
mer gasoline, catalytically cracked gasoline, and alkylate are sometimes 
added to improve certain characteristics in the final motor fuel blend. 
Just what these characteristics are and how they are improved will be 
discussed later. 

In general, three grades of fuel are marketed for automotive use. 
They are known as premium grade (usually Ethyl), regular grade, and 
third-grade fuel. There is a general gradation in quality and cost from 
the premium grade through the third grade. Different grades of motor 
fuel are necessary to satisfy the demands of the various kinds of motor 
vehicles and the different types of service. Aviation fuels are, in general, 
of a much higher quality than the average automotive fuel and cost con- 
siderably more. 
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Energy in Gasoline.-The chemical energy stored in gasoline is con- 
verted into heat energy in the engine. Hence it is important to know its 
heat value. The heat value is usually expressed in Btu per lb of fuel. As 
previously explained in the chapter "Principles of Engine Operation," 
these heat values can be converted into equivalent mechanical energy 
units. Such a computation reveals that 1 gal of gasoline could do about 
95,083,000 ft-lb of work if all its potential heat energy were converted into 
mechanical energy. Measurements show that only about 25% of the heat 
energy in the fuel is so converted by a gasoline engine. Friction and 
losses through the exhaust and cooling systems account for most of the 
loss. 

Requirements of an Ideal Gasoline.-Motor fuels are in many cases 
marketed under state and federal specifications. These specifications 
cover the major characteristics of gasoline, namely, volatility, antiknock 
quality, sulfur content, gum content, and purity. All of these properties 
are related in one way or another to the operation of the motor fuel in 
the engine. As engine design is constantly improved, refiners must im- 
prove their motor fuels so that they will operate satisfactorily in the new 
engines. Specifications, therefore, are not static but continually change 
with the progress in fuels and engines. 

Volatility.— Volatility is one of the most important characteristics of 
gasoline. It may be defined as the tendency of the motor fuel to pass from 
the liquid into the vapor state at any given temperature. The volatility 
of die gasoline influences the ease with which the engine will start and 
the behavior during the warming-up period as well as the behavior during 
normal operation. The volatility of a gasoline is indicated by its distilla- 
tion characteristics. The distillation is carried out according to a standard 
procedure in which 100 cc of the gasoline are heated in a flask at a com 
stant rate of temperature rise, and the vapors are condensed and collected. 
The temperatures at which each successive 10 cc of gasoline distill over 
are noted, and the volatility of the gasoline is discussed in terms of these 
temperatures. Since 100 cc are used in the distillation, the 10 cc fractions 
represent corresponding percentages of the gasoline, and the temperatures 
are known as 10%, 20%, 30%, etc., points. 

The 10% point is generally accepted as a measure of the cold-starting 
abilities of the gasoline. The lower the 10% point, the greater the pro- 
portion of material which will vaporize readily at low engine temperature. 
Engine behavior during the warming-up period is usually thought to be 
related to that part of the distillation curve lying between the 15% and the 
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45% points, or even as high as the 70% point. Behavior during normal 
operation is related to the overall volatility of the gasoline. Some use the 
90% point as a criterion of this overall volatility; others prefer a combina- 
tion of 10%, 50% and go% points. In either case, such relations cannot 
be defined more definitely than to say that, the lower the temperatures of 
the various percentage points, the more volatile the gasoline. 

The trend in the volatility of gasoline during the past 20 years has 
been toward more volatile fuels because experience has shown that, the 
more volatile the fuel, the more uniform the distribution of the gasoline 
to the various cylinders and the smoother the operation of. the engine. 

One disadvantage of very volatile fuels should be mentioned. When 
a fuel has a very great tendency to vaporize at normal atmospheric tem- 
peratures, it may form so much vapor in the fuel system of the engine that 
it will clog the lines and actually kill the engine. This condition is known 
as vapor lock. It is encountered most frequently in very warm weather. 
The tendency of gasolines to vapor lock is controlled best through regula- 
tion of the vapor pressure and the 10% point. In winter, when lower at- 
mospheric temperatures prolong tire warming-up period of the engine, it 
is important to have more volatile fuels. Refiners generally increase the 
volatility of the fuels they market in winter weather by adding additional 
quantities of natural gasoline. 

Operating Economy.— Cost per mile of operation is dependent upon 
fuel economy. Miles per gallon is determined by many factors only one 
of which is the nature of the fuel. Engine condition, speed, nature of 
road, and vehicle weight and load are among the other important con- 
tributory items. A low-cost low-grade fuel usually gives less miles per gal- 
lon than does a higher priced high-grade fuel; as a result, the cost per mile 
of operation may be higher even though the fuel costs less per gallon. 

Purity.— Naturally, dirt and grease, and traces of chemicals and water 
must be removed from gasoline before it can be sold as a motor fuel. Rep- 
utable refiners are very careful to see that no such foreign materials get 
into or remain in their gasolines. However, it is very easy for extraneous 
materials to contaminate gasoline after it leaves the refinery, and thus 
the retail marketer is also responsible to some extent for the purity of the 
product he delivers to the public. 

S ulf ur Content.— All crude oils contain sulfur, some more than others. 
Part of the sulfur is carried through the refining operation to the gasoline. 
Most of tliis sulfur exists as organic sulfur compounds although some free 
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sulfur may be found in certain crude oils. Too much sulfur is liable to 
corrode cylinder bores, bearing surfaces, and exhaust systems. In some 
cases, therefore, the refiner is forced to remove harmful quantities. Ex- 
cept in a few cases, sulfur content has been held rigidly to a maximum 
of o.x%. 

Gum Content.— When gasoline is exposed to air, some of the hydro- 
carbons are oxidized into sticky gum. This gum is responsible for a num- 
ber of operating difficulties— stuck valves and piston rings, excessive en- 
gine deposits, coated intake manifolds, clogged carburetor jets, etc. By 
proper chemical treatment and/or the addition of a suitable gum inhibi- 
tor or anti-oxidant, the gumming tendencies of gasoline can be controlled 
so that the fuel will not give trouble when used in an engine. 

Antiknock Quality— Every motorist wants to get as much power and 
speed and as many miles per gallon of gasoline as he can. Engines must 
be designed to give these advantages, but improvements in engine design 
are limited by the antiknock quality of the fuel available for their use. 
During the period from 192/ to 1938, the combined efforts of the auto- 
motive engineers and the petroleum technologists have given the motorist 
a power increase of 45% and a 20% improvement in economy. 

Antiknock quality is measured by an arbitrarily selected “yardstick" 
called the octane scale. The octane number of the motor fuel is deter- 
mined by matching it against mixtures of normal heptane and iso-octane 
in a test engine under specified test conditions until a mixture of the 
pure hydrocarbons is found which gives the same degree of knocking in 
the engine as the gasoline being tested. The octane number of the gaso- 
line is, then, the per cent of the iso-octane in the matching iso-octane- 
normal heptane mixture. For example, a gasoline rating 75 octane num- 
ber is equivalent in its knocking characteristics to a mixture of 75% iso- 
octane and 25% normal heptane. Thus, by definition, normal heptane 
has an octane number of zero and iso-octane has an octane number of xoo. 

The tendency of a fuel to knock varies in different engines and in the 
same engine under different operating conditions. 

We have mentioned in preceding paragraphs that antiknock quality 
is rated by tire degree of knocking which the fuel produces in a test en- 
gine. What is knocking? 

If a fuel is not of sufficiently high antiknock quality for the engine in 
which it is being used, it will burn too rapidly in the cylinders for satis- 
factory utilization. These explosions can be heard as a metallic “ping,” 
and the condition is commonly called knocking. If knocking is allowed 



COMBUSTION AND FUELS 


221 


to persist or become too severe, power is wasted. Under extreme condi- 
tions, mechanical failure may result. 

The major importance of the newer refining medrods which were 
discussed in the previous section lies in the fact that they produce fuels 
of greater antiknock quality. At the present time, the average octane 
rating of regular-grade gasoline is about 74. Straight-run gasoline averages 
about 50 to 55 octane number; thermally cracked gasoline ranges from 
about 60 to 80 octane number. By adding a suitable antiknock com- 
pound, such as tetraethyllead, these gasolines may be blended to reach 
the octane level of present-day regular and premium-grade motor fuels. 
However, experts are already prophesying road octane ratings of 85 to 90 
for regular grade and 95 for premium-grade motor fuels. 

The antiknock quality of any given motor fuel blend can be further 
increased by the addition of antiknock compounds, i.e., materials which 
are able to slow down the combustion of the fuel and so prevent the 
“ping.” Only relatively small quantities of these compounds need to be 
added to a fuel to produce this effect. The most widely used antiknock 
compounds are organic derivatives of some of the common metals, of 
which tetraethyllead is the outstanding example. About 80% of all motor 
fuel sold in the United States today contains tetraethyllead in quantities 
varying up to a maximum of 3 cc per gallon. Since tetraethyllead will 
raise the antiknock quality of all hydrocarbons, it is reasonable to believe 
that it will play a large part in making the high octane fuels which will 
be needed in the future. 

Diesel Fuel.— Compression-ignition engines, more commonly known 
as diesel engines, are also constructed to operate on heavier fuels. There 
are two classes of diesel fuel. High-speed diesel engines, such as are found 
in large transport trucks and diesel trains, require a light diesel fuel 
which is similar to domestic oil or furnace oil in volatility. The fuel re- , 
quirements of this type of engine are very exacting, especially with respect 
to distillation range and ignition quality. Ignition quality is a measure 
of the combustion speed and, therefore, is analogous to the octane number 
of gasoline fuels. However, diesel engines require a fuel which has fast- 
burning tendencies since the fuel is injected directly into the cylinders 
and is ignited by the heat of compression rather than by an electric spark. 
This is just the opposite of the requirements of the spark-ignition gaso- 
line engine. The large industrial and marine diesel engines operate at 
much lower speeds than the automotive and train diesels and are able to 
burn a much heavier or less volatile fuel. The ignition quality require- 
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merits of this engine are not exacting. Therefore, a much less expensive 
fuel can be used. 

The storage, handling, and pumping of diesel fuel are affected by the 
following qualities: 1. viscosity (especially at low temperatures); s. specific 
gravity; 3. flash point; 4. impurities. 

The first three qualities will be discussed in a later chapter on Lubri- 
cation where tests and ratings of lubricating oils will be described. Diesel 
fuel, because of its comparatively great viscosity will hold impurities in 
suspension longer than will gasoline. Water and sediment injure and 
clog the full injection system, and great care must be exercised to keep 
the fuel lines clean. 

Gasoline Substitutes.— The ideal automobile fuel must have these six 
major properties: 

1. It must be plentiful 

2. It must be cheap 

. 3. It must be easy to handle 

4. It must be easily vaporized 

5. It must have a high content of energy 

6. It must be knock-free 

Gasoline, as now made from petroleum, fills this bill pretty well. 
However, in some countries where petroleum is scarce, it has become im- 
portant to find substitutes for petroleum gasoline. Germany, Italy, Great 
Britain and France have very little petroleum within their national 
boundaries, and have taken the lead in the development of substitute 
motor fuels. The principal substitutes are motor fuels made from coal 
by carbonization or hydrogenation, alcohols made from grain or other 
farm products, compressed gas derived from the burning of coal or wood, 
and benzol, a liquid byproduct of coke ovens and gas works. Each of 
these falls short of the demands of an ideal fuel on one or more points. 
Coal carbonization or hydrogenation is a very expensive method for pro- 
ducing motor fuel. Alcohols have a relatively low energy content. Coal 
or wood gases are bulky and awkward to handle. In order to have a suf- 
ficient fuel supply, it is often necessary to carry a trailer with reserve fuel 
tanks of compressed gas. Benzol is expensive, and its production is limited 
by the activity of the coke ovens and gas works of which it is a byproduct. 
Up to the present, the use of such substitute fuels can be justified only 
when there is a deficiency in petroleum or when some special or unusual 
economic conditions are involved. 

- Petroleum fractions heavier than gasoline can be used as fuel for cer- 
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tain types of motors. Low-compression engines, such as are found in the 
older types of farm tractors, will operate on kerosene or tractor distillate. 
But even tractors are rapidly being converted to high-compression engines 
which will require gasoline as fuel because the consequent gains in effi- 
ciency and power more than offset the higher cost of the fuel. 


QUESTIONS 

. Explain why gasoline and diesel engines are termed "internal-combus- 
tion engines. 

2. How does an element differ from a compound? 

. 3 - physical change does gasoline undergo in the carburetor and 

intake manifold? 

cally?" What indications are there that a substance has been changed chemi- 

5. Define hydrocarbon. Are all fuels hydrocarbons? Explain. 

6. Explain how exhaust analyzers measure engine efficiency. 

7. List all the products of the combustion of gasoline in an engine. What 
will cause their percentages to vary? 

8. What furnishes the ignition temperature in a gasoline engine? In a 

diesel engine? 6 

9. Explain the meaning of the term “explosive mixture.” 

10. How is gasoline made into an explosive mixture? 

11. List all the products obtained from petroleum. 

12. Explain how these products are separated. 

13. Outline the method of obtaining gasoline from natural gas. 

14. Explain why the properties of straight-run gasoline vary. 

15. Describe the thermal cracking process? What made it necessary? 

16. Distinguish between cracked gasoline and reformed gasoline. 

17. Describe how polymer gasoline and alkylate are manufact ured. 

18. Explain why commercial motor fuels are generally blends of the dif- 
ferent refinery gasolines. 

19. Why is only about 25% of the heat energy contained in gasoline con- 
verted into mechanical energy? Explain. 

20. Outline all the ways in which gasoline volatility affects engine opera- 
tion. 0 “ 

21. Explain how the sulfur content of gasoline affects engine wear. 

22. Explain why gums are found in gasoline. 

23. How do gums affect engine operation? 

24. What causes an engine to knock? 

25. Explain the octane system of rating gasoline. 

SUGGESTED PROJECTS 

1. Place a cold object near the exhaust gases coming from the tail pipe of 
a running engine. This effect is best noted when the engine is just starting 
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The condensed water vapor will sometimes drip from the pipe, especially on 
a cold day. 

2. Examine some fuel that contains carbon, gum, or other contaminants. 
Compare it with pure fuel. Allow the fuel to stand and notice after several 
days how some impurities settle to the bottom. 

3. Note the carbon deposits on the combustion chamber, valves and pis- 
tons, after removing the cylinder head, of an engine that has operated for a 
long period. Try to scrape them off. 
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CHAPTER 15 

CARBURETION 

The carburetor is a device for atomizing and vaporizing the fuel and 
mixing it with the air in varying proportions to suit the changing operat- 
ing conditions of motor-vehicle engines. This process of breaking up and 
mixing the gasoline with the air is called carburetion. 

The difference between vaporization and atomization should be un- 
derstood clearly. Vaporization is a change of state of the fuel from a 
liquid to a vapor, whereas atomization is a mechanical breaking up of 
the liquid fuel into small particles so that every minute particle of the 
fuel is surrounded by air. The ideal carburetor would pass a mixture of 
completely vaporized fuel and air in the proper proportion to the intake 
manifold and cylinders. Complete vaporization of the fuel is not achieved 
in present-day carburetors, however, because of the heavy nature of the 
fuel and other limitations. Heated intake manifolds and hot-spots in r 
the manifold vaporize part of the finely divided mist or atomized fuel 
passed to the manifold by the carburetor. Vaporization of the gasoline in 
the mixture usually does not become complete until the. end of the com- 
pression stroke in the cylinder— afLer heat has been applied in tire intake 
manifold and heat and pressure during the compression stroke. 

Air-Fuel Mixtures.-The theoretically perfect mixture of air and 
gasoline contains 15 parts by weight of air to 1 part of gasoline. When a 
uniform mixture of these proportions can be obtained, the mixture 
burns without leaving an excess of fuel or air. With a liquid fuel such as 
gasoline, however, it is difficult to obtain this perfect mixture, especially 
with low-test gasoline. 

The air in the mixture furnishes the oxygen necessary for combus- 
tion. When there is too little air, insufficient oxygen is supplied to burn 
all the fuel, and some of the fuel is wasted. When there is too much air 
in the mixture, it will bum slowly and erratically, and power will be lost. 

There is a range of proportions of air to fuel between which combus- 
tion will take place. The boundaries of this range are known as tire upper 
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limit of combustion and the lower limit of combustion. The lower limit 
o£ combustion is generally between 7 to 1 0 parts of air by weight to 1 part 
of fuel. This mixture is barely explosive and bums with a reddish-yellow 
flame. The upper limit generally consists o£ about so parts of air by 
weight to 1 part of fuel. This mixture burns with a white flame, slowly 
and irregularly. The rate of burning and the exact upper and lower 
limits will vary slightly according to the pressure and temperature con- 
ditions in the cylinder, the character of the fuel, the uniformity of the 
mixture, and the design of the combustion chamber. 

Mixture Requirements of Motor-Vehicle Engines -For average 
“cruising” operation the abr-fuel ratio ranges from 15:1 to 17:1. To ob- 
tain maximum power for quick acceleration and to negotiate grades 
speedily, the motor-vehicle engine requires a “rich” mixture containing 
about is to 13 parts of air by weight to 1 part of fuel. This is the so-called 
| t "maximum-power ratio." To start the engine from cold, even a richer 
(mixture is necessary. For maximum economy (but with some loss of 
[■ power) the mixture ratio employed is from 16:1 to 17:1. Thus the mod- 
ern carburetor must be designed to furnish the proper proportions of 
fuel and air automatically to meet these varying operating conditions. To 
accomplish this purpose a number of designs and principles of carburetor 
operation are employed in motor vehicles. 

Simple Plain-Tube Carburetor.— As all modern commercial carbure- 
tors have evolved from the simple plain-tube carburetor, an explanation 
of its construction and operation will aid in understanding the basic 
principles underlying all carburetors, 

Fig. 6.1 shows a simple plain-tube carburetor. In operation, the gaso- 
line supply pumped from the fuel storage tank enters float chamber F 
of the carburetor through the needle valve at the side. As the gasoline 
level rises, the float raises the lever pivoted at the side of the float cham- 
ber. This lever is pivoted so that, as the outer end is raised by the float, 
the inner end working around a collar forces the needle valve sideward 
into its seat, shutting off the flow of gasoline when the level of gasoline 
in the float chamber has reached the proper height. When the level of 
gasoline in the float bowl falls below this level, the outer end of the 
lever falls with the fuel level and the inner end releases the needle valve 
from its seat, thus admitting gasoline to the bowl. The height at which 
the gasoline is maintained in the float chamber F is governed by the nozzle 
) jet G. This level should stand about t./ 16 in. below the orifice at the 
, to P of the jet. The gasoline is fed to the nozzle G from the float chamber 
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through the pipe E. As the engine starts and the pistons start to move up 
and down, air is drawn through the carburetor by the suction created by 
the pistons on their intake strokes. As indicated by the arrows in Fig. 6.1, 
the air passes the nozzle on its way to the cylinders. The suction created 
by the rush of air past the jet or nozzle causes the gasoline to be delivered 
to the mixing chamber above the nozzle in a fine spray. Since this suction 
is proportional to the velocity of the air passing the nozzle, a “venturi 
tube” X is used to increase the velocity. 

A "venturi tube" is a tube or passage which is narrower at the center 
so that the area through which the air must pass is decreased considerably. 


Ihltt 


Fig. 6.1— Simple plain-tube 
carburetor 

above the spray nozzle. This produces a combustible mixture which 
passes through the intake manifold into the cylinders. Most of the fuel 
is atomized by the carburetor in the mixing chamber, only a small part 
being vaporized. The amount of the fuel vaporized in the carburetor 
depends upon the nature of the fuel; the temperature of the air, fuel, and 
engine parts; the amount of suction above the jet; and the degree to 
which the fuel is broken up or atomized. As stated previously, vaporiza- 
tion of the mixture usually is not complete until the end of the com- 
pression stroke in the cylinders. 

The speed and power of the engine is controlled by the use of the 
throttle T, which is a form of damper placed between the mixing cham- 
ber and intake manifold. The more the throttle is closed, the greater will 
be the obstacle to the flow of the mixture placed in the passage and the 
less will be the quantity of mixture delivered to the cylinders. The de- 
creased quantity of mixture gives a less powerful impulse to the pistons, 
and the engine’s power is reduced accordingly. As the throttle is opened. 



!As the same amount of air must pass 
through every point in the tube, its veloc- 
ity will be greatest at the narrowest point. 
The more this area is reduced, the greater 
will be the velocity of the air, and the 
suction will be proportionately increased. 

The spray nozzle is usually located 
where the suction is greatest, which is just 
above the narrowest section of the venturi 
tube. The spray of gasoline from the noz- 
zle and the air entering through the ven- 
turi tube are mixed together in the 
mixing chamber— located immediately 
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Ithe power of the engine increases. Although opening the throttle usually 
/increases the speed of the engine, this is not always the case as the load on 
' the engine is also a factor. For example, opening the throttle when the 
motor vehicle is starting to climb a hill may or may not increase the 
vehicle’s speed, depending upon the steepness of the hill and the amount 
the throttle is opened. In short, the throttle is simply a means to regulate 
the power of the engine by preventing it from pulling in a full charge of 
mixture during each suction stroke. 

As the speed of the engine increases, the suction increases. The most 
serious limitation of the simple plain-tube carburetor is that flow of fuel 
from the jet increases under suction faster than does the corresponding 
flow of air, resulting in a mixture being delivered to the cylinders that 
gets richer as the speed increases. As it is essential to have practically the 
same proportions of air and gasoline at all speeds (except for starting, 
idling, and fast acceleration), it is necessary to provide automatic compen- 
sating devices on modern carburetors to maintain the desired mixture 
proportions at the higher speeds. These devices usually act either to in- 
crease the air supply automatically as the suction above the jet increases, 
or to increase the fuel supply automatically as the suction above the jet 
decreases. Metering rods, air-bled jets, “economizers,” compound jets, 
and auxiliary air valves are devices commonly used to effect this compen- 
sation in commercial carburetors. The operation and construction of 
these devices as found in commercial carburetors will be described later 
in this chapter. 

A rich mixture is necessary to start die engine, especially when cold. 
To provide this rich mixture a choke valve is inserted in the air-intake 
passage of the carburetor. During starting, this valve is operated to shut 
off partially the supply of air to the carburetor, thus enriching the mix- 
ture supplied to the cylinders by the carburetor. These choke valves are ' 
operated automatically by thermostats in most modern passenger-car car- 
buretors; the valve is held in a partially closed position by the thermostat 
when the engine is being started, and is opened automatically as the 
engine heats up, gradually “leaning down” the mixture. 

Motor-vehicle engines require a rich mixture for idling and low-speed 
operation, usually about 10 parts of air by weight to i part of fuel. To 
supply this mixture during starting most modern carburetors incorporate 
in their construction a special idling system consisting essentially of an 
idling fuel passage and idling nozzles. This system comes into action dur- 
ing starting, idling, and low-speed operation, and is cut out when speeds 
.of about' ao mph are reached. Details of this system will be given later. 
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When the suction through the carburetor is increased suddenly by 
quickly opening the throttle for rapid acceleration or extra power, the 
air, being lighter than the gasoline, will respond almost immediately and 
its flow will be accelerated very suddenly. This condition will result in 
the air rushing ahead of the gasoline particles and the proportion of air 
to gasoline will be greater until the inertia has been overcome and the 
gasoline particles have time to respond completely to the increased suc- 
tion. In short, a sudden opening of the carburetor will tend to produce 
a lean mixture instead of the rich mixture required for rapid acceleration 
or increased power, due to the lagging of the gasoline. It is at this partic- 
ular time that additional gasoline is most needed to compensate for this 
lagging and provide the proper rich mixture in the engine. Devices used' 
in modern carburetors to accomplish this result are known as “accelerat- 
ing pumps.” These devices will be described later. 

Carburetor Types.-Carburetors are classified: ( 1 ) according to the 
direction of airflow as downdraft or updraft; (a) according to the arrange- 
ment of the float chamber as “eccentric” or “concentric”; ( 3 ) according to 
the number of units as "single” or "dual.” 

Updraft and Downdraft Carburetors.— The simple plain-tube car- 
buretor just described is of the "updraft” type, that is, the air enters at 
the bottom of the carburetor and leaves at tire top. Most passenger-car 
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Fig. 6.a— Effect of grades on eccentric type carburetor 


carburetors, however, are of the “downdraft” type in which the air enters 
at the top of the carburetor and leaves at the bottom. The updraft type 
was used considerably in the past because, when it was installed low at 
the side of the engine, it was well adapted to the gravity fuel-feed systems 
then in use. Advantages claimed for tire downdraft type are that it per- 
mits a manifold of larger cross-section because the fuel flows down into 
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the manifold instead of being lifted up into it; the location of the car- 
buretor above the engine is more accessible for inspection, adjustment, or 
repair; and the air entering the carburetor is cooler. 


Concentric and Eccentric Float Chambers.— In the concentric-float 
chamber the arrangement is such that the float chamber is placed around 
or surrounds the venturi tube or tubes. In the eccentric type, the float 
chamber is placed at the side of the venturi tube. Fig. 6.? shows an eccen- 
tric type of float chamber in which the normal gasoline level is shown by 
the line in A. When the carburetor is tilted due to the car’s ascending 

or descending a grade, the level will be 
changed as shown in B or C. This change 
in level at die jet may cause too much or too 
little gasoline to be supplied by the nozzle, 
giving incorrect mixtures. This difficulty 
will not be experienced with a concentric- 
float type of carburetor. The level at the 
nozzle always remains approximately con- 
stant, as shown in Fig. 6.3, by the levels A-A, 
Fl S- 6.3— Effect of grades on C-C. Most modern carburetor float 



concentric-type carburetor 


chambers are of the concentric type, or are 


constructed on the same principles. 


Single and Dual Carburetors.— Dual carburetors are provided with 
two barrels, each containing a fuel jet, venturi tube, and throttle, as com- 
pared with single carburetors which have only one barrel. Dual carbure- 
tors have a single air inlet, choke, and float chamber, although they 
frequently employ two floats, one for each jet. Passenger-car engines of 
eight or more cylinders are usually provided with dual carburetors— usu- 
ally employed in conjunction with a double intake manifold. With a 
dual carburetor and double intake manifold on such an engine, the ar- 
rangement is such that each barrel of the dual carburetor feeds one 
branch of the intake manifold, feeding alternate cylinders in the firing 
order. This arrangement improves the uniformity of the distribution of 
the fuel mixture to the cylinders as there is less tendency for the suction 
strokes drawing from the same carburetor barrel to overlap. 

Typical Modern Carburetor.— The carburetor to be described in the 
following paragraphs is typical of the majority in use on American passen- 
ger cars. 

This carburetor falls naturally into five circuits: 
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1. Float circuit 

2. Low-speed circuit 
g. High-speed circuit 

4. Accelerating-pump circuit 
g. Choke circuit 

By considering each of these circuits separately, study of the construc- 
tion and operation of this carburetor is made easier. 

Float Circuit.— This circuit operates on the same principles described 
earlier in this chapter in conjunction with the simple plain-tube carbure- 



tor. As shown in Fig. 6.4, the float and lever assembly can shut off the 
supply of fuel by raising the float lip, so pushing the needle valve into its 
seat when the level in the bowl is too high. 

Low-Speed Circuit— The idle or low-speed circuit completely con- 
trols the supply of gasoline to the engine during idle and light-load speeds 
up to approximately 20 mph, and it partially controls the supply for light- 
load speeds between 20 and 30 mph. The operation of the low-speed cir- 
cuit is shown graphically in Fig. 6.5. The fuel is forced from the float 
bowl through a low-speed jet where it is mixed with air, into the idling 
passage and out one or two port openings by the suction of the temporary 
venture formed by the throttle and the carburetor wall. 
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The idle or low-speed cir- 
cuit (Fig. 6.6) consists of the 
low-speed jet E, bypass F, 
economizer, air bleed G, port 
opening H, idle adjusting 
screw 1 , throttle valve J, 
throttle shaft, and carburetor 
bore K. 

During idling and low- 
speed operation of the engine, 
gasoline flows from the float 
bowl through the low-speed 
jet to the point where it is 
combined with a stream of air i 

coming in through the bypass 
Fig. 6.5-Operation of low-speed circuit p The combining o£ the 

stream of air with the stream of gasoline tends to atomize or break up the 
gasoline into a vapor. 




Fig. 6.6— Details of idle or low-speed circuit 
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The mixture of gasoline and air continues on through the economizer 
until it begins to pass the point where it is further combined with a stream 
of air coming in through the lower air bleed G. This air again tends to 
break the gasoline particles into a finer vapor. The gasoline and air mix- 
ture that flows downward in the passage from the lower air bleed G is still 
richer than idle mixture needs to be but, when it mixes with the air which 



Fig. 6.7— Operation of high-speed circuit 


has come past the throttle valve, it forms a combustible mixture of the 
right proportions for idle speed. 

The idle port H is made in a variety of slotted shapes so that, as the 
throttle valve is opened, it will not only allow more air to come in past 
it, but will also uncover more of the idle port, allowing a greater quantity 
of the gasoline and air mixture to enter the carburetor throat from the 
idle mixture passage. 

The idle position of the throttle is such that, at an idle speed of 6 mph, 
it leaves enough of the slotted port as reserve to cover the range in speed 
between idle and the time when the high-speed system begins to cut in. 

The idle adjusting screw I varies the quality of the idle mixture. 

All the gasoline flowing from the float bowl during the idle period 
and at no-load speeds up to 20 mph flows through the small metering hole 
in the low-speed jet. 

High-Speed Circuit.— Operation of the high-speed circuit is shown 
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graphically in Fig. 6.7. Gasoline flows from the float bowl, through a 
metering jet, and out the main nozzle into the carburetor throat. 

This circuit features a throttle-operated metering rod and a triple 
venturi. In the triple-venturi design the main nozzle discharges the fuel 
at an upward angle into the primary venturi against the downward air 



Fig. 6.8— Details of high-speed circuit 


stream. The fuel, atomized in the primary venturi, is kept centrally lo- 
cated in the air stream by tire surrounding blanket of air passing into the 
second venturi and again into the main venturi, offering protection 
against the fuel coming into contact with the walls of the carburetor. 
The triple venturi is shown in Figs. 6.7 and 6.8. 

Referring to Fig. 6.8, the intermediate-speed and high-speed circuit 
consists of the metering rod M, metering jet N, nozzle O, and gasket, 
throttle valve J, metering-rod spring and disc. 

As the throttle is opened wide enough for a speed of a little more than 
20 mph, the velocity of the air flowing down through the carburetor 
throat creates a pressure slightly less than atmospheric at the tip of the 
main nozzle O. 

Since the gasoline in the float bowl is acted upon by atmospheric pres- 
sure, the difference in pressure between the two points causes gasoline to 
flow from the bowl, through the metering jet, and out of the main nozzle 
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into the throat of the carburetor. 

As the speed increases from 30 
mph, the high-speed system continues 
to cut in more and more, and the idle 
or low-speed system to cut out until 
the high-speed system is carrying the 
entire load and the idle system is do- 
ing nothing, as shown in Fig. 6.7. 

At higher speeds, the area of the 
opening between the jet N and the 
metering rod M governs die amount 
of gasoline going into the engine. At 
top speed the smallest section of the 
rod is in the jet, uncovering the larg- 
est area. When the throttle is partly 
closed, it lowers the metering rod in 
the jet, reducing the flow of gasoline 
since a larger, step of the metering rod 
is lowered into the jet. 



Fig. 6.g — Operation of accelerat- 
ing-pump circuit 


Accelerating-Pump Circuit.— Operation of the accelerating-pump cir- 
cuit is shown graphically in Fig. 6.9 which shows the pump discharging 
gasoline into the cylinder barrel after the accelerator has been depressed. 

This circuit, shown in Fig. 6.10, consists of the pump cylinder, pump 
arm assembly, connector link, pump plunger and rod assembly, plunger 
leather, plunger spring, intake valve, discharge valve, pump strainer 
screen, pump disc check valve, pump jet, connector rod, and pump spring. 

When the pump plunger and leadier are first installed in the pump 
cylinder, a small amount of air is trapped between the piston and the top 
of the liquid gasoline. As the accelerator pedal is depressed, the pump 
plunger and leather are forced downward. This action compresses the 
trapped air, forces the gasoline to leave the cylinder, closes the inlet valve, 
opens the discharge valve, closes tire disc check valve, and discharges the 
gasoline into the throat of the carburetor. 

The discharge is prolonged since the hole in the tip of the pump jet 
is small enough to restrict the flow of fuel so long as it is being forced out 
by the pump travel plus the expending of the trapped air. The prolong- 
ing of the pump discharge gives the gasoline in the high-speed system suffi- 
cient time to flow fast enough to satisfy the demands of the engine. 

As the accelerator pedal is allowed to return to its original position, 
the accelerating-pump plunger is lifted upward by the link. This action 
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causes a partial vacuum in the pump cylinder which opens the intake 
valve, closes the discharge valve, and draws in a charge of gasoline. 

Since the discharge valve is below the liquid level of the carburetor, 
gasoline would be drawn into the throat of the carburetor through the 


SHORT STROKE 



Fig. 6.10— Details of accelerating-pump circuit 


pump jet from the acceleration system during fixed throttle intermediate 
speeds and high speeds if it were not for the pump disc check valve or air 
bleed to the outside. This valve breaks the vacuum of the acceleration 
system by bleeding in air from the float bowl of the carburetor. 

Choke Circuit— This circuit is used only in starting and warming a 
motor, its purpose being to supply a rich mixture for starting. Fig. 6.11 
shows its operation. The choke valve is held in a partly closed position 
by the thermostat, providing a rich mixture for starting. As shown in 
Fig. 6.12, it consists of a choker shaft and lever assembly, choker valve 
and screws, and a means of controlling the position of the valve. In the 
manual choke, a wire from the dash is connected to the choker shaft by a 
clamp and a screw. In the automatic choke, carburetor choke action is 
controlled by a spring of thermostatic metal. The automatic choke is 
shown in Fig. 6.13. 

When the engine is cold, the tension of the thermostatic choke spring 
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C holds the choke piston ( D ) 
at the top of its travel and 
the choke valve completely 
closed. This supplies the en- 
gine with a rich mixture for 
starting by throttling the air 
supply. 

When the engine starts, 
the vacuum of the intake 
manifold acting upon the 
choke piston and the unbal- 
anced choke valve partially 
opens the choke valve until 
it assumes the position where 

the tension of the thermo- 
, . , , . . , , liv. 6.11— Operation of choke circuit 

static choke spring is bal- 6 r 

anced by the pull of the vacuum on the spring and valve. 

As the engine warms up, ^slots in the^sides of the choke piston cylinder.’ 1 
. allow the vacuum of the intake manifold to draw warm air from the 
'/exhaust-manifold stove through the tube at the left, through the choke 



CHOKER VALVE. 



air-cleaner screen /, past the thermostatic spring C, and into the intake 
manifold. 

This flow of warm air heats the thermostatic spring and causes it to 
decrease its tension. The pull of the vacuum on the piston working 
against the decreasing tension of the spring, gradually opens the choke in 
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such a way that it is fully open when the engine is warm enough to run 
on the regular idle mixture. 

If, during the warm-up period, the engine is accelerated, the corre- 
sponding drop off in vacuum, which automatically comes with accelera- 



Fig. 6.13— Details of automatic choke 


tion, allows the thermostatic spring momentarily to close the choke 
partially, providing the engine with a mixture rich enough for accelera- 
tion. 

Since on wide-open throttle at low engine speeds the intake manifold 
vacuum drops to practically zero, it is possible, at the beginning of the 
warm-up period while the thermostatic spring still retains some tension, 
for the choke to be closed by the spring, thereby causing an excessively 
rich mixture. To prevent this condition, an arrangement is made in the 
choke linkage so that, on all wide-open throttle operations, the choke is 
held open. (This arrangement is called the “lockout.”) (G, Fig. 6.13). 
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POWER CIRCUIT ACCELERATING CIRCUIT 

Fig. 6.14 — Downdraft carburetor employing air-bled jet 
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During the warm-up period, it is necessary to run the engine at ap- 
proximately 10 to 15 mph no-load speed to keep it from stalling. This is 
done by having the high spot on the cam come under the idle-speed 
adjusting screw, holding the throttle open sufficiently to provide the 
necessary engine speed. This is called the “fast idle." 

When the engine warms up sufficiently to run at regular idle speed 
without stalling, the operation of the choke moves the cam out from 
under the idle-speed adjusting screw. 

If, for any reason during the starting period, the engine is flooded, it 
is necessary to be able to hold the choke open sufficiently to allow the 
engine to clean the excessive gasoline out of the intake manifold. This is 
accomplished by an arrangement of the throttle lever and choke linkage 
whereby depressing the accelerating pedal to the floorboard forces the 
choke open sufficiently to allow the engine to clean out the intake mani- 
fold. This device is called the “unloader.” 

Other Common Commercial Types— Fig, 6.14 illustrates a carbure- 
tor used on a popular line of cars. It is a downdraft type employing a float 
circuit, idle circuit, and accelerating pump similar to the typical carbure- 
tor just described in detail. An “air-bled jet” is used to maintain the 
proper mixture proportions throughout the entire operating range. In 
operation, the main metering jet, of fixed type, controls the flow of gaso- 
line during intermediate or part-throttle operation up to approximately 
75 mph. From the metering jet fuel passes into the main discharge jet 
where it is mixed with air from the “high-speed air bleeder” and flows 
into the carburetor barrel and the intake manifold. It is evident that, 
as the suction at the jet increases, more and more air will go through the 
high-speed air bleeder to provide the amount of air dilution required to 
maintain the proper mixture proportions at high speeds. The power 
circuit comes into operation at high speeds or under any engine condition 
which causes the engine vacuum to fall below a set value such as rapid 
acceleration or heavy loads. The vacuum piston is held in the upper posi- 
tion by engine vacuum acting through the vacuum channel which has 
an opening in the carburetor wall below the throttle. A low engine 
vacuum releases tire piston and thus enables the spring to open the power 
by-pass jet which allows additional gasoline to flow into the main dis- 
charge jet. The power jet is sometimes called the “economizer.” 

Figure 6.15 shows another type of downdraft carburetor that uses a 
power jet or economizer of different design to supplement the air-bled 
main jet. The power valve "J” holds the power jet closed against spring 
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action when the engine vacuum is above a set value. At low vacuum the 
spring opens the power valve and thus automatically enriches the mixture 
to provide more power. 



Fig. 6.15— Carburetor employing an economizer 
or power jet 


Other Compensating Devices —As stated previously, various devices 
are employed in modern carburetors to compensate for the fundamental 
limitation of the plain-tube carburetor— that the flow of fuel from the jet 
increases faster under suction than the flow of air as the speed of the 
engine increases. Two such compensating devices that are, or have been, 
in common use and not incorporated in the carburetors just described 
are the auxiliary air valve and the compound jet. 

Auxiliary Air Valve.— The auxiliary air valve (Fig. 6.16) controls the 
mixture strength by automatically admitting air into the mixture as the 
suction and engine speed increase. The auxiliary air valve is held closed 
against its seat at low speeds when the suction in the carburetor is low. 
At high speeds as the suction in the carburetor reaches a predetermined 
value, outside atmospheric pressure opens the valve automatically against 
the action of the spring, allowing the air to enter the mixing c ham ber of 
the carburetor, thus diluting the over-rich mixture. By adjustment of 
the spring the time and amount of opening of the valve can be controlled. 

Sometimes an auxiliary fuel jet is provided in the same chamber with 
the auxiliary air valve so that the jet is in the path of the air flowing in 
from the air valve. The effect of this auxiliary jet is tliat a lean mixture is 
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used to dilute the mixture in the carburetor barrel instead of air. This 
jet is provided to overcome the tendency of auxiliary-air-valve carburetors 
to supply a mixture that is too lean at high speeds. 


Float 

Chamber 



Fig. 6. iG— S imple auxiliary-air-valve carburetor 
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Compound Jets.— This arrangement is shown in Fig. 6.17. It com- 
bines a main jet G, which operates the same as the main jet in a plain- 

tube carburetor, with a “constant- 
flow” jet H. The deficiency of the 
main jet— that the mixture grows 
richer as the suction increases— is com- 
pensated for by the characteristics of 
the constant-flow jet which produces a 
mixture which grows leaner as the suc- 
tion increases. One supplements the 
other so that, at every engine speed, 
there is a constant ratio of air and 
gasoline to support efficient combus- 
tion. The constant-flow jet is provided 
with a passage to the atmosphere 
called an “air well" J and a constant- 
flow nozzle I. The result is that the 
constant-flow nozzle is independent of 
the suction in the venturi because the 
fuel in the well is always under atmospheric pressure, the size of the orifice 
in the constant-flow nozzle I alone determining the amount of fuel fur- 
nished. Therefore the amount of fuel flowing through the nozzle is con- 
stant. When the operating conditions are such that the constant-flow jet 
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Fig. 6.17— Compound jet 
carburetor 
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H and the well / are emptied faster than fuel flows through the nozzle I , 
air will enter the jet H from the well J and mix with the fuel, thus pro 
viding a leaner mixture. 

Compound Carburetion. — As introduced in 1941, this type of carbure- 
tion employs two dual carburetors in the same intake manifold. The 
front carburetor is a complete dual unit. The rear carburetor, however, 
is provided only with an idling circuit, main circuit, and throttle; the 
starter switch, choke, accelerating pump, and power bypass are omitted. 

In operation, the idling circuits of both carburetors function during 
idling. As the accelerator is depressed during part-throttle operation, the 
main circuit of the front carburetor comes into play (as explained earlier 
in this chapter) to supplement the idling circuits of both carburetors. The 
throttle connections from the accelerator are arranged so that the Tnain 
circuit of the rear carburetor is not brought into action to help the front 
carburetor until the throttle of the front carburetor is about half way 
open. The rear carburetor is controlled by a damper valve as well as by 
its throttle. This damper valve is opened by air passage and closed by 
weight load; therefore it limits the amount of mixture fed by the rear 
carburetor at low speeds and full throttle. 

Since each duel carburetor used is smaller than the single dual car- 
buretor needed to operate the same engine, it is claimed that this system 
makes possible greater fuel economy as well as greater power. 

Diesel Carburetion.— Diesel engines do not have carburetors. Their 
fuel is injected directly into the cylinders in the form of a spray. In most 
early diesels and in some present heavy-duty stationary types the air injec- 
tion method is used. In this method the liquid fuel under low pressure is 
forced into the cylinder by a high-pressure air blast. This method ensured 
a thorough mixing of the air and fuel. 

In modern high-speed diesels used in trucks, buses, and boats the 
solid injection method is used. This means that the fuel is forced or 
sprayed into the cylinder under high pressure. The pressure at the nozzle 
is sometimes as high as 20,000 lb per sq in. 

Servicing Carburetors.— Assuming that the valve timing is correct, 
good engine performance depends on compression, ignition, and car- 
buretion. The longer a car is run, the more change there is likely to be 
in these three functions. Compression changes are due to wear of the 
piston rings and valves; ignition and carburetion changes also are caused 
by normal wear or, more often, by experimentation in adjustments for 
better engine performance. 
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Ea ch of the three must be in good adjustment for maximum per- 
formance. 

It is best to make certain that the compression is up to par, and that 
all parts of the ignition system are in good condition and properly timed, 
before going to work on the carburetor, because carburetion is the most 
delicately adjusted of the three functions mentioned. 

Complete carburetor overhaul should be attempted only by a me- 
chanic who has been trained for this particular work, and has all the 
necessary carburetor tools and specifications. 

In most cases, however, a thorough cleaning and minor adjustments 
will put a carburetor in good ordeT. 

Carburetor complaints are usually: 

1. That too much gasoline is being used or that the carburetor chokes 
up. 

2. That the carburetor does not enable the engine to "pick up" 
quickly, or to deliver sufficient power. 

3. That the carburetor causes hard starting, uneven idling, or stalling 
of the engine. 

Following are listed the causes and remedies of the foregoing troubles: 
Before taking a carburetor apart, it is necessary to refer to tire car manu- 
facturer’s service manual for the special tools needed and the specifica- 
tions to be adhered to. If tire special tools are not available, only the 
parts that can he taken out easily with a screwdriver or ordinary hand 
tools should be removed. Clean all parts in gasoline and blow them out 
with compressed air. Re-assemble, using new parts when necessary. 

When the engine uses too much gasoline or chokes up, it is usually 
caused by improper use of the manual choke, or by improper adjustment 
or mechanical trouble with the automatic choke. If the choke is adjusted 
on the rich side, the choke valve will not open all the way when the 
engine is hot, and insufficient air will enter to give the right gasoline and 
air proportion. This condition may also make the car hard to start, caus- 
ing it to start and stall immediately, particularly if the air strainer in die 
choke control is clogged with carbon. The vacuum which acts from the 
intake manifold through this strainer should help to open the choke a 
small amount as soon as the engine starts. If the choke value or any of 
its linkage sdcks at any point, it should be freed. Any automatic choke 
trouble should be checked with the manufacturer’s specifications. If the 
fuel pump pressure is too high, it will force gasoline past the float needle 
■ .valve and raise the level of gasoline in the carburetor float chamber above 
I jthe specified point. This condition will cause an excessively rich mixture 
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bec ause the excess of gasoline in the float chamber will overflow the main') 
jet, anacauseHuel wastage, resulting in possible "loading up 1 ’ and poor: 
engine performance. To lessen this pressure from the fuel pump, an* 
additional gasket should be placed between the fuel pump and engine 
block, as explained in the repair section of the preceding chapter. The 
float itself may be adjusted to ride too high, causing the same trouble. 

On carburetors employing a metering rod, this rod will wear and, in! 1 
time, will allow more gasoline to be metered into the engine than neces-L 
sary. This rod should be checked for proper size and adjustment. »' 

The air cleaner often gets clogged with dust and dirt. This difficulty 
will restrict the passage of air, just as will a partly closed choke. The air 
cleaner should be cleaned in gasoline more often when the cars are driven 
on dusty roads than on paved roads. On oil-bath types of cleaner, the oil 
should be changed and the unit cleaned. Particles of dirt lodged in any 
of the narrow passages will cause poor performance and the use of too 
much gasoline in the carburetor. Clean and blow out with air the main 
jet and all other jets; the air bleeds; the float needle valve and seat; the 
economizer valve which, if it does not seat properly, will cause high gaso- 
line consumption at all car speeds; the accelerating pump bypass jet, the 1 ' 
valve of which must seat to give gasoline economy; and the idle discharge 

If the engine does not pick up quickly or does not seem to have suffi- 
cient power, the float level may be too low, thereby failing to supply 
enough gasoline in die main jet. A clogged metering jet may cause back- 
firing in the carburetor. A dirty or clogged economizer valve will not 
work at high speed and will cause loss of power. The economizer vacuum 
piston or accelerating pump piston which does not work properly will 
cause the same trouble and should be cleaned, or the vacuum line may 
leak. Any vacuum line, such as those to the spark control, windshield 
wiper, or automatic choke, may leak, causing too much air to enter the 
intake manifold, resulting in a poor mixture and lack of power or engine 
miss, sometimes accompanied by a hissing sound. 

In addition to the foregoing, lack of quick acceleration is often due 
to a worn accelerating pump piston leather. This leather should be 
tested and, if necessary, replaced. The pump lever may be adjusted for 
too long or too short a stroke. In such case, it should be adjusted to spe- 
cifications. The pump check valve may not seat properly due to dirt, 
causing poor pick-up. 

Difficult starting is caused by a low float level; dirt anywhere in the 
system; choke not closing fully; leaks in a vacuum connection; or the fuel 
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pump not delivering up to specifications. These troubles also may cause 
uneven idling or stalling. Poor idling also may be caused by a clogged 
idling passage or a clogged idling air bleed; poor idling screw adjustment 
or the idle setscrew adjustment set too low. Stalling can be caused by 
any of the foregoing conditions and also by dirt collecting in any part of 
the system. 


QUESTIONS 

1. What are the two functions performed by the carburetor? 

2. Explain in detail the difference between vaporization and atomization. 

3. Why is the theoretical air-fuel ratio 15:1? 

4. What is meant by a lean mixture? A rich mixture? How do they differ 
in the way they burn? 

5. How does the “cruising" air-fuel ratio differ from the maximum-power 
air-fuel ratio? Explain. 

6. Explain with the aid of a diagram how the float controls the level of 
the gasoline in the float chamber of a carburetor. 

7. What is the function of the “venturi tube” in a carburetor? Explain. 

8. With the aid of a simple diagram show how the gasoline gets from 
the float chamber to the mixing chamber. 

g. How does the throttle control the speed of the engine? Explain. 

10. Why can a simple plain-tube carburetor be used only on constant- 
speed engines? 

u. List all the methods by which fairly constant air-fuel ratios are main- 
tained in variable-speed engines. 

is. Explain how a rich mixture is produced in a carburetor for starting 
purposes. 

13. What is the function of the idling system of a carburetor? 

14. Why is an accelerating pump essential to a carburetor used on a vari- 
able-speed engine? 

15. Explain the differences among the types of carburetors in general use 
in motor vehicles. 

16. List the five circuits found in modern carburetors. 

17. Explain the operation of the float mechanism shown in Fig. 6.4. 

18. Why is tire port opening of the idling system placed just below the 
throttle plate in a downdraft carburetor? 

19. Explain how the metering rod and jet supply more gasoline as the 
engine speeds up. 

20. Explain with the aid of Fig. 6.10 how the accelerating pump adds the 
extra supply of gasoline necessary to maintain the correct air-fuel ratio for 
speeding up the engine. 

21. How does the action of the automatic choke differ from the manually 
controlled type? 

_ 22. Explain how carburetors using an “air-bled jet” maintain the proper 
mixture proportions throughout the entire operating range. ' 
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23. With the aid of Fig. 6.16 show how the auxiliary air valve serves to 
maintain the correct mixture. 

24. Explain how the compound jet carburetor maintains the correct air- 
fuel ratio at all speeds. 

25. Explain why other engine parts should be checked before poor per- 
formance or economy is attributed to the carburetor. 

26. What engine conditions will cause a vacuum-controlled power jet to 
open? 

2 ). What holds a power jet piston against spring action? 

28. How will the air-fuel ratio of a carburetor be affected if the main jet 
has been enlarged by cleaning it with a wire? 

29. How does too high a bowl level affect carburetor and engine per- 
formance? 

30. Explain the function of the “lockout” mechanism found on carburetors 
equipped with automatic chokes. 


SUGGESTED PROJECTS 

1. Many simple carburetors can be secured from old cars. These carbure- 
tors are usually of the updraft type without accelerating pump. They may be 
dissected without special tools. All the circuits can be traced from the float 
chamber. A variety of float mechanisms will be found. They are all equipped 
with manually controlled chokes. 

2. In order to study some modern type of carburetor, one should be pro- 
cured from a car of later model than 1934. 

3. If the air cleaner of a downdraft carburetor on a car is removed, the 
main parts of the mixing chamber can be seen from the top. A rapid stroke of 
the accelerator pedal will cause fuel to be ejected into the chamber. 

4. The action at the discharge jets of a carburetor may be demonstrated 
by filling the bowl with a liquid such as carbon tetrachloride and blowing 
a stream of air from a vacuum cleaner through the air horn. 

5. The circuits of any carburetor may be traced from the bowl by blow- 
ing streams of air through the jets. An air hose connected to a blow pipe 
is effective. 



UNIT SIX-FUEL SYSTEM 


CHAPTER l6 

FUEL-FEED, INTAKE, AND EXHAUST SYSTEMS 

Fuel-Feed System,— The functions of the fuel-feed system are to store 
the fuel for the automobile engine; to supply it to the carburetor in 
required amounts and in proper condition; and to provide an indication 
to the driver of the amount of fuel in the tank. Accordingly, all fuel 
feed systems consist of: (1) a storage tank; (a) a fuel pump or other means 
for delivering the fuel from the supply tank to the carburetor; (3) a 
strainer for filtering the fuel; (4) a gage to indicate to the driver the level 
of gasoline in the fuel tank; and (5) necessary piping connections. 

A fuel-feed system employing a mechanical diaphragm-type fuel 
pump, driven by the engine camshaft, to force the gasoline from the fuel 
tank to the carburetor is used on an overwhelming majority of American 
cars. Other systems, either obsolete or in limited use, are the gravity sys- 
tem, the air-pressure system, and the vacuum system, each of which is 
described in this chapter. 

Mechanical Pump Pressure System.— The relation of the parts in 
this system is shown in Fig. 6.18. 

Tank.— Fuel tanks in practically all passenger cars are mounted in the 
rear of the vehicles and range in capacity from 5 to 261^ gal. An air vent 
is built into the filler neck. Tanks are often provided with vertical baffles 
to prevent surging of the fuel. In general, the metal thickness of the fuel 
tanks for military trucks is greater than that for fuel tanks on commercial 
vehicles. In some cases for combat vehicles, the tanks are of the bullet- 
sealing type used for military aircraft. On one design of U/ 2 -ton truck a 
30-gal fuel tank is supported by brackets extending down from the right 
side rail so that the tank is located just ahead of the rear axle and inside 
the rail. A sump is provided at the bottom of many tanks to collect dirt 
and water and prevent them from reaching the pump and carburetor. 

Pump,— To force the fuel from the tank to the carburetor in the re- 
quired amounts in this system, a diaphragm-type fuel pump driven me- 
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Down-draft 



Fig. 6.18— Typical automobile fuel-feed system 

chanically from the engine camshaft is used. This pump is mounted on 
the side of the crankcase as shown in Fig. 6.18. Fig. 6.19 shows a typical 
diaphragm-type pump. Following is the cycle of its operation: 

The revolving camshaft with its cam (shown at the right) raises 
rocker arm A which is pivoted at B. This movement pulls linkage G, 


Suction 

Valve 



Fig. 6.19— Diaphragm-type mechanical fuel pump 
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together with diaphragm D which is held' between metal discs, downward 
against pressure of the spring Ej creating a vacuum in pump chamber F. 

On the suction stroke, fuel from the rear tank enters through the 
inlet G into the sediment bowl H , through strainer 1 and suction valve 
into pump chamber F. On the return stroke, the pressure of spring E 
pushes diaphragm D upward, forcing fuel from chamber F through outlet 
valve / through the outlet into the carburetor. 

When the carburetor bowl is filled to the proper level, the float in 
the carburetor float chamber shuts off the carburetor inlet needle valve, 
thus creating a pressure in the pump chamber F. This pressure prevents 
the pressure of spring E from forcing diaphragm D upward, holding the 
diaphraghm downward against spring pressure. The diaphraghm is held 
in the lower position until the fuel level in the carburetor float chamber 
falls sufficiently to open the carburetor needle valve, thus relieving the 
pressure in the pump chamber F. At this time the rocker arm A is free 
to rise and fall according to the motion of the cam. 

Spring L is merely for the purpose of keeping rocker arm A in con- 
stant contact with the cam to eliminate noise. 

An air dome is provided over the pump discharge valve on some de- 
signs of fuel pump to provide more even flow of fuel to the carburetor. 
Maximum pressure of these pumps is about 5 lb per sq in. 

On some pump designs the fuel pump is combined with a vacuum 
pump which acts as a booster for the vacuum-operated windshield wiper 
when the engine intake vacuum is low. 

Fuel Strainer.— A fuel strainer or filter, shown at I in Fig. 6.19 is an 
integral part of the fuel pump. It comprises a metal or glass sediment 
bowl provided with a ring-type strainer (usually a fine-mesh metal screen) 
through which the fuel passes. Dust and water settle in the bowl which 
is removable 'for cleaning, 

Electric Fuel Pump.— This type of fuel pump is designed to operate 
independent of any mechanical linkage with the engine. Its principle of 
operation is similar to that of the diaphragm- type mechanical p um p just 
described, except that it employs a bellows instead of a diaphragm and 
the motive power that produces the vacuum is an electromagnet rather 
than a mechanical link. The return or pressure stroke is also produced by 
spring action. This return spring operates only when the circuit to the 
electromagnet is automatically broken, thus cutting its strength. Back 
pressure from the carburetor builds up pressure in the bellows and pre- 
vents further pumping by holding the circuit open. 
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Gravity Fuel-Feed System.— In this system, the storage tank is placed 
above the carburetor so that the gasoline will flow from it to the car- 
buretor by gravity. Thd storage tank, usually located under the front 
seat, is provided with a filler cap which has an air vent through it. A 
gasoline outlet at the bottom generally leads to a sediment well, cut-off 
valve, and drain plug. The feed pipe to the carburetor takes off from the 
top of the sediment well. The need to move the fuel tank to a safer loca- 
tion at the rear of the motor vehicle below the level of the carburetor 
and wide adoption of downdraft carburetors which are designed to re- 
ceive their fuel from beneath, are largely responsible for the virtual 
disappearance of this system from American cars. 

Vacuum Fuel System.— In this system the fuel is sucked from the fuel 
tank in the rear of the car to a small tank called a "vacuum tank” by 
means of the vacuum created in the intake manifold by the suction of the 
pistons on the intake stroke. The vacuum tank is installed under the 
hood above the carburetor. It consists essentially of an upper "filling 
chamber” and a lower “emptying chamber.” From the lower emptying 
chamber the fuel flows by gravity to the carburetor. The upper filling 
chamber is provided with a float-operated valve which controls the 
amount of fuel drawn from the fuel tank, according to the height of the 
fuel in the filling chamber, by shutting off the vacuum and opening the 
tank to the atmosphere and vice-veTsa. Some years ago this system was 
used widely but has since been superseded by the mechanical fuel pump 
pressure system. 

Air-Pressure Fuel System.— In this systeih the fuel is forced from the 
fuel tank at the rear to the carburetor by air pressure in the fuel tank 
created by an air pump which is driven by the engine. An air-tight filler 
cap is used on the fuel tank to maintain the pressure. A pressure gage on 
the instrument board indicates the air pressure, and a safety relief valve 
is 'provided to prevent the pressure from reaching excessive values. An 
auxiliary hand pump is used to build up the pressure in the tank to start 
the vehicle after standing idle for a long time, or after the filler cap has 
been removed to supply gasoline to the tank. 

Gasoline Gage— An electric gage with balanced coils is in practically 
universal use for indicating the level of the fuel in the gasoline tank. 
This gage is mounted on the instrument board in front of the driver. 

The typical electric gasoline gage consists of two units— a dash unit 
and a tank unit. They are connected by a single wire as shown in Fig. 
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6.ao. The return circuit is through ground connections on the two units 
as shown. The wire to the ignition switch is connected so as to open the 
gage circuit when the ignition is off so that the indicator of the gage op- 
erates only when the ignition key is turned on. The current consumption 
of the gage is so low (0.15 amp) as to cause no appreciable drain on the 
electrical system. 

The dash or instrument-board unit consists essentially of two coils 
spaced go deg apart, with an armature and pointer assembly pivoted at 



the intersection of the coil axes. The right-hand coil is grounded as 
shown. The tank unit comprises a rheostat (resistance coil and movable 
contact), the contact being actuated by the float to assume a position on 
tire resistance corresponding to the position of the float in the fuel tank 
This movable contact or brush is grounded as shown. 

When the fuel tank is empty, the float arm and movable contact ol 
the rheostat are moved so that all the resistance of the rheostat is cut out 
of the circuit. In this position the right coil of the dash unit is shorted 
out completely, and the current flows through the left coil only, attracting 
the armature and causing the indicator to assume the “empty" position 
at the extreme left. 

When the fuel tank is partly full, the float on the surface of the fuel 
rises, causing the float arm to move the contact to some position near the 
center of the resistance in the tank unit, thus including resistance in the 
circuit. In this position the current divides after flowing through the left 
coil of the dash unit, part flowing through the right coil and part flowing 
through the resistance in the tank unit. Thus the pointer is caused to 
assume a balanced or intermediate position between the coils, depending 
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upon how much resistance has been introduced into the circuit— which 
corresponds to the level of the fuel in die tank. 

When the tank is full, all the resistance has been cut in the circuit, and 
a still greater proportion of the current flows through the right coil, shift- 
ing the axis of the resultant magnetic field still farther and causing the 
pointer to move to the extreme right, indicating a full tank. An inertia 
damper is provided on the armature assembly to prevent vibration of the 
pointer on rough roads. 

Many of diese gasoline gages are designed to provide approximately 
1 gal or less of reserve fuel when the pointer indicates that the fuel tank 
is empty. Variations in voltage supplied to these gages do not affect their 
accuracy as their operation depends upon the proportion of electric cur- 
rent flowing through the coils of the dash unit, rather than on the actual 
strength of their magnetic fields. 

Variations in the construction of the tank unit are made to suit differ- 
ent conditions. For small tanks, the movable contact is actuated directly 
by the float arm, as shown in Fig. 6.20 and the float may be either single 
or double. For large tanks the movable contact may be mounted on a ver- 
tical axis and driven from the float arm by bevel-gears or their equivalent. 

Other Types of Gasoline Gages— Gages working on the hydrostatic 
principle and electric gages employing heated bi-metal strips have been 
used to indicate the fuel level in automobile tanks. 

The hydrostatic gage consists of a dash unit in which a glass U-tube 
containing a heavy red liquid indicates the gasoline level in the fuel tank 
on a graduated scale, a tank unit that applies pressure to the dash unit in 
proportion to the amount of gasoline in the tank, and an air line con- 
necting the two units. 

In the electric system employing bi-metal strips, the gage pointer is 
actuated by the bending of the bi-metal strip in the dasli unit as this strip 
is heated or allowed to cool, according to the amount of fuel in the tank. 
Another bi-metal strip in the tank unit acts as a switch that controls the 
amount of heat applied to the dash bi-metal strip. This strip is caused to 
make and break the heater circuit with a movable contact, the position of 
which depends upon the tank fuel level. 

Repairing Fuel-Feed Systems— If fuel-pump trouble is suspected, a 
quick test is to disconnect the gasoline line from the pump to the car- 
buretor and push the starter button. If gasoline comes out of the dis- 
connected line, the fuel pump is working. 

Before removing a fuel pump from service, all gasoline line connec- 
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tions from the gasoline tank to the pump should be checked. A poor 
connection or broken fuel line, of course, would prevent the pump from 
sucking gasoline from the fuel tank. 

If it is seen that gasoline lines are in good condition and fuel does not 
spurt out of the disconnected carburetor line when the starter is operated, 
it is necessary to remove the fuel pump and take it apart for repairs. But, 
before it is taken apart, it is desirable to test it with a vacuum and pres- 
sure gage. The gage reading for a pump in good condition should be 
between 7 and 11 in. vacuum, and the needle on the gage should take 
about a minute to return to zero. Then, attach the gage to the pressure 
side of the pump and work the rocker arm again. A pump in good condi- 
tion should show a specified reading. This reading will be as low as 2 lb 
per sq in. on some types and as high as g lb per sq in. on others. If neither 
of these gage readings is up to par, first mark the upper and lower hous- 
ings of the pump so that they can be reassembled in the same position, 
then take the pump apart. Inspect the fiber valves and springs, rocker- 
arm spring, diaphragm and strainer screen. Clean all parts and blow out 
with compressed air. Using a new diaphragm, assemble the pump and 
test again, re-install on the engine using a new gasket, and start up the 
engine to be sure the pump and connections are satisfactory. 

Pump pressures must be watched carefully to see that they check with 
specifications. If the pump pressure is too high, the gasoline will force 
itself past the carburetor float needle valve, resulting in too rich a mixture 
from the main carburetor jet. To lessen the pressure, insert one or two 
more gaskets between the fuel pump and the engine block. This de- 
creases the stroke of the rocker arm slightly. 

The diaphragm is the cause of most fuel-pump trouble. Porousness 
or small holes in it will lessen the pump suction. With such a diaphragm 
the supply to the carburetor is reduced causing back-firing through the 
carburetor, which could be an indication of this trouble. A leaky dia- 
phragm also will cause leakage of gasoline into the oil pan at the point 
where tire pump is fastened to the cylinder block. A weak diaphragm 
return spring will lower the pump pressure, as will broken or worn 
rock-arm linkage. Leaky pump cover gaskets and dirt in the gasoline line 
from the fuel tank will cut down the efficiency of the pump. 

The vacuum booster (a part of some fuel pumps) is serviced in the 
same manner as is the pump. If its diaphragm leaks, it will cause the 
windshield wiper to work slowly or not at all during car acceleration or 
high-speed operation. Before looking for trouble in the vacuum booster, 
check all the connections between the booster and the windshield wiper, 
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and between the booster and intake manifold to be sure that they are 
tight. A leaky booster diaphragm will allow oil to be sucked into the 
intake manifold directly from the oil pan through the connection be- 
tween the pump and cylinder block. An indication of this trouble would 
be oil smoke coming out of the exhaust pipe. 

Noisy action of the fuel pump or vacuum booster usually is caused by 
a worn rocker-arm pin or linkage. 

Air Cleaner.— Air cleaners are provided in virtually all passenger cars 
to protect the engine from excessive wear, deposits, and sludge that other- 
wise might result from the dust and dirt drawn into the engine with the 
carburetor air. 

Oil-bath types of air cleaners, of which Fig. 6.21 is typical, are used in 
an overwhelming majority of passenger cars and trucks. They are fur- 
nished with or without an in-built carburetor silencer. 



Fig. 6.21— Oil-bath-type air cleaner 


In operation, dusty air enters the cleaner through opening A between 
the shell and the top cover, passing downward through the annular pas- 
sage B. The air strikes shelf Cj throwing heavier dust particles into the 
oiled surface and reverses upward into the filter element D. Oil is carried 
upward into the filter element in a predetermined amount which auto- 
matically oils and washes it. Dirt not directly precipitated by the oil is 
caught on the filter element and washed back into the oil sump E. 
Gleaned air passes out of the filter element to the carburetor through the 
passageway F. A perforated baffle G, prevents oil pull-over on large en- 
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gines. Filter elements are pre-olled; the manufacturer recommends that 
they should be replaced every 5000 miles for average operating conditions, 
oftener for operating in extremely dusty localities. Another type of air 
cleaner, known as the “oil-saturated type,” is similar in operation except 
that it depends solely upon an oil-saturated filter element to clean the 
air passing through it. The air cleaner is generally installed on top of 
the carburetor. 

Intake Manifold.— The intake manifold provides the passage through 
which the air and fuel mixture travels from the carburetor to the intake 
ports in the engine cylinders. Except where superchargers or governors 
are used, the intake manifold is constructed so that, when the carburetor 
is attached to it, the mixture can reach each cylinder (See Figs. 6.33 and 
6.23). 



Fig. 6.22— Intake manifold on in-line engine 


Modem intake manifolds also are heated to assist in the vaporization 
of the gasoline in the mixture, particularly to break up the heavy fractions 
of the fuel. Heat usually is supplied from the exhaust gases or cooling 
water; sometimes “hot-spots” are provided at points where the fuel strikes 
and otherwise is likely to condense and collect. The heat supplied to 
some designs of intake manifold is controlled by a thermostat so that all 
the exhaust gas possible is deflected to heat the intake manifold when the 
engine is cold, and less and less heat is applied as the engine warms up. 
In applying heat to intake manifolds, it is usual so to design the intake 
, manifold that the atomized or liquid fuel is separated from the remainder 
1 of the charge and is caused to come into contact with a “hot-spot” which 
is heated by the exhaust gases, rather than to heat the entire manifold. 



257 


FUEL-FEED, INTAKE, AND EXHAUST SYSTEMS 

The disadvantage of the latter method is that the entire fuel charge is 
heated; as a result it expands and reduces the weight of the mixture 
charge drawn into the cylinders. 

Principles of good intake manifold design are that the path from the 
carburetor to the cylinders be as short and smooth as possible so as to 
give the fuel a minimum opportunity to condense and collect on the 



manifold walls. For good distribution it also is desirable to have the dis- 
tance of each of the cylinders from the carburetor approximately equal. 
Intake manifolds are usually of cast iron. 

As mentioned previously, dual carburetors usually are provided with 
intake manifolds having two branches, one for each barrel of the car- 
buretor. Each of these branches feeds half of the engine cylinders, 
thereby preventing overlapping of strokes in the manifold and improving 
uniformity of distribution. In some in-line engines the intake and ex- 
haust manifolds are cast together in the same piece, thus making it easy 
for the intake manifold to be heated by the exhaust gases. 

Superchargers.— A supercharger is a device for increasing the pressure 
of the air and fuel mixture from the carburetor before it enters the en- 
gine. In an unsupercharged engine atmospheric pressure is exerted on 
the mixture from the mouth of the carburetor. The pressure inside the 
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manifold of a supercharged engine will be greater than atmospheric, while 
in an engine not equipped with a supercharger the manifold pressure will 
be less than atmospheric. 

The additional pressure contributed by the supercharger packs a 
greater weight of fuel and air into the engine, and thus enables it to de- 
velop more power. There are three general types of superchargers. They 

may be described as follows (see Fig. 
6.24): 

(1) The centrifugal type which re- 
sembles the water pump in the cooling 

Rotors S >' Stem - 

(2) The vane-type blower which is 
similar to the vane-type oil pump. 

(3) The Roots air blower type which 
resembles the gear-type oil pump. 

Superchargers are usually driven by 
the engine through suitable gears and 
shafts. 

Governors.— Governors are used on 
engines to keep their speeds below a set 
maximum. In a gasoline engine the gov- 
ernor is usually placed between the 
carburetor and the intake manifold. 
The governors commonly used are the 
vacuum type and the centrifugal type. 
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Fig. 6,24— Three types of 
superchargers 


The operation of the vacuum type de- 
pends on the pressure of the moving fuel 
and air mixture. When this pressure 
reaches a set value, the fuel mixture is 
not permitted to enter the engine at a 
faster rate. The centrifugal type is at- 
tached to the camshaft by a gear drive. 
The movement of the flyweight attached 
to pivot arms of centrifugal governors is 
used to control the flow of gasoline in 
the carburetor, thus controlling engine 
speed. 

Exhaust System.— The exhaust sys- 


(Army Manual tm 10-350) tem collects the exhaust gases from the 
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the cylinders of the motor-vehicle engine and conducts them to the rear of 
the car where they are discharged to the atmosphere, and does so with a 
minimum of power loss, noise, vibration, and transfer of heat to the car 
body. The system comprises essentially an exhaust manifold bolted to 
the cylinder block or head, a muffler attached to one side of the frame 
toward the rear of the car, exhaust pipes that connect the exhaust mani- 
fold and the muffler, and a tail pipe that leads from the muffler to the 
rear of the car to discharge the exhaust gases to the atmosphere. In some 
cases, particularly in V-type engines, dual exhaust systems are employed, 
each unit of which has an intake manifold, muffler, and piping. To pre- 
vent power loss, the exhaust system must present a minimum of resistance 
to the flow of the exhaust gases, as such resistance builds up back pressure 
in the exhaust system that opposes the working pressure in the cylinders. 

Exhaust manifold.— The exhaust manifold collects the exhaust gases 
from the exhaust ports of the various cylinders and conducts them from 
each end to a central exhaust passage. The exhaust manifold is usually 


To Exhaust Ports Automatic Choke To Exhaust Potts 



Fig. 6.35— Exhaust manifold for eight-cylinder in-line passen- 
ger-car engine 


made of cast iron. Fig. 6.35 shows an exhaust manifold for an eight- 
cylinder in-line, valve-in-head engine. Exhaust manifolds are designed to 
avoid as much as possible the overlapping of exhaust strokes, thus keep- 
J ing the back pressure to a minimum. This is often done by dividing the 
exhaust manifold into two or more branches so that no two cylinders will 
exhaust into the same branch at the same time. Back pressure is reduced 
also by designing the exhaust manifold with capacity ample to eliminate 
any restrictions to flow, and by incorporating streamlining and large- 
radius bends into the design. A heat tube provided to furnish heat to the 
automatic choke unit of the carburetor is shown in Fig. 6.25. 

The center portion of the exhaust manifold often is connected to the 
intake manifold through a heat trap and exhaust damper as shown in Fig. 
6.36. The damper is controlled thermostatically to deflect the hot exhaust 
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gases upward and around the intake manifold when the temperature ot 
the engine is below a predetermined value. This heat control is auto- 
matic. When the'engine is cold, all the exhaust gases are bypassed around 
the intake manifold, as shown at the left in Fig. 6.26. As the engine 
warms up, part of the exhaust gases are bypassed and part flow directly 
out the exit, as shown in die center sketch of Fig. 6.26. When the engine 
is fully warmed up, none of the gas is bypassed around the intake mani- 
fold, as shown at the right. In Fig. 6.26 it can be noted that the heat- 




Fig. 6.26— Heat control valve operation 

control valve is offset, being longer on one side than the other. This 
design permits the pressure of the exhaust gases to force the valve wide 
open when the engine is operating under full-throttle conditions. 

Exhaust Pipes.— Exhaust pipes are generally about 2 in. in outside 
diameter and 1/16 in. thick or less. The connection between the exhaust 
manifold and the exhaust pipe leading to the muffler is flanged. Both 
exhaust pipes and muffler usually are mounted so as to eliminate metal- 
to-metal contact, to prevent the transfer of vibration and exhaust noise to 
the car body. This insulation is accomplished by interposing rubber- 
impregnated fabric, rubber, or similar material between the exhaust 
pipes, mufflers, and the mounting brackets. The supports also allow for 
engine movement and for expansion and contraction with temperature 
changes. 

Muffler.— If the engine were allowed to exhaust directly to the at- 
mosphere without the use of a muffler, the noise of the escaping gases 
would sound like the firing of a gun, and be very disagreeable to the 
occupants of the vehicle. The cause of the noise in such a case is the large 
difference in pressure between the expanding exhaust gases and the at- 
mosphere. The function of the muffler, therefore, is to Teduce the pres- 
sure of the exhaust gases sufficiently to permit them to be discharged to 
the atmosphere silently enough to meet present high standards of quiet 
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vehicle operation.. To reduce the pressure, the exhaust gases are per- 
mitted to expand slowly and to cool in the muffler. On the other hand, 
the muffler must not cause any appreciable restriction to flow that will 
raise the back pressure excessively. Even the best of mufflers, however, 
cause a loss of power amounting to several per cent. The capacity of the 
muffler should be sufficiently large to permit the gases to expand to nearly 
atmospheric pressure before they are discharged into the air. As the gases 
are delayed in their passage through the muffler from the cylinders to the 
open air, their temperature is reduced, thus decreasing their volume. 

Straight-Through Muffler.— This type of muffler (Fig. 6.27) is grow- 
ing in popularity because of its simplicity and because it presents slight 



Fig. 6.27 — Straight-through muffler 


restriction to die flow of gases. It comprises a straight-through passageway 
from the exhaust pipe to the tail pipe. This passageway has a large num- 
ber of small perforated holes cut in its surface, as shown in the illustra- 
tion, which open into a large concentric diffusion chamber. In some 
designs this diffusion chamber is filled with a sound-absorbing and heat- 
resistant material, such as steel wool; in others, it is not. When the 
pressure in the passageway is at its maximum, some of the exhaust gases 
will be forced through the perforations in the wall of the passageway into 
the diff usion chamber where they will expand and the sound waves will 
be absorbed in the insulation filling (if present). When the pressure in 
the passageway is at a minimum, some of the exhaust gases will return to 
the passageway from the diffusion chamber, thus equalizing the variations 
in pressure. Some designs of straight-through mufflers also incorporate a 
“resonance chamber” at one end or in the middle to reduce the pressure 
and noise still further. 

Other Muffler Types.— One type is provided with a series of con- 
centric chambers embodying holes and baffles through which the gases are 
conducted to reduce their velocity and pressure slowly. 

Another type has three perforated tubes in addition to the inlet and 
outlet tubes and a resonance chamber through which the gases are caused 
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to flow. The purpose of the resonance chamber is to damp out the noises 
that are likely to occur during coasting. 

The outer shell of one design of muffler is made oval in shape to per- 
mit adequate clearance with the ground. Many of the outer shells of 
mufflers are made of steel coated with a lead-tin alloy (terne plate) to 
resist corrosion, particularly that caused by the exhaust condensate. To 
provide for drainage of the condensate from the exhaust gases, and fur- 
ther to resist corrosion, most mufflers are provided with small drain holes 
in the outside shell. 

Muffler Service— A clogged muffler, exhaust pipe, or tail pipe will 
cause a back pressure on the pistons and a loss of power. The end of the 
tail pipe sometimes gets bent, restricting the flow of exhaust gas, also 
causing a back pressure. These are rare occurrences, but must be con- 
sidered when checking for loss of engine power. Mufflers usually are 
replaced rather than repaired. Manifold-to-engine-block gaskets, when 
used, should be renewed every time the manifold is taken off in order to 
insure a good joint. Exhaust gas is dangerous and every precaution 
should be taken to insure that it does not leak into the car body. 


QUESTIONS 

1. List the essential parts of the fuel-feed system of an automobile. 

а. Why do gasoline tanks have to have air vents? 

3. Show by a comparative study that the fuel pump is a force pump. 

4. In Fig. 6.19 explain how a partial vacuum is created in the pump 
chamber. 

5. What prevents the fuel from returning to the tank on the return 
stroke of the diaphragm of a pump? Explain. 

б. What provides the force necessary to push the fuel from the pump to 
the carburetor? Explain. 

7. When the carburetor float chamber is full, how is the pumping action 
of the pump stopped? Explain. 

8. Why is a filter or fuel strainer attached to a fuel pump? 

9. Compare the operation of an electric fuel pump with that of a me- 
chanical pump. 

10. Outline the difference in the fuel-feed systems used in cars before and 
after the introduction of the mechanical pump. 

11. With the aid of Fig, 6.20 explain how the gasoline gage on the dash- 
board indicates the amount of fuel in the tank. 

is. Explain the operation of a hydrostatic fuel gage. 

13. How can the condition of a fuel pump be tested? 

14. How is the action of the carburetor affected if the fuel pump pressure 
is too high? 

15. Why are air cleaners attached to the air inlets of carburetors? Explain. 
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16. What is the function of the intake manifold? 

17 • Explain why the pressure inside an intake manifold of an unsuper- 
charged engine is less than atmospheric pressure. 

18. What changes does a supercharger make in the operation of an engine? 

19. How do governors limit the speed of an engine? 
so. List the essential parts of the exhaust system. 

31. What factors determine the design of an exhaust manifold? 

ss. Explain with the aid of Fig. 6.s6 the operation of a heat control valve. 

33. Why are mufflers necessary? 

34. Explain how a straight-through muffler performs its function. 

35. Why should every precaution be taken Lo prevent exhaust gases from 
entering the car? Where are exhaust gas leaks possible? 


SUGGESTED PROJECTS 

1. Fuel pumps are relatively inexpensive parts and can be secured at little 
cost at a junk dealer or repair station. They can be taken apart easily for study 
and then reassembled. Kits are available in auto supply stores for repairing 
fuel pumps. The enclosed directions are clear and require no special tools. 

3. The exhaust and intake manifolds can be seen on a motor-vehicle en- 
gine when the hood is lifted. The best way of locating the intake manifold is 
to find the carburetor and trace its outlet to the engine. 

g. Tlxe exhaust pipes, muffler, and tail pipe can be seen best from the 
underside of a car. A visit to a service station when the cars are elevated for 
lubrication will prove quite helpful in arranging such an inspection. 

4. A fuel pump can be mounted rigidly on a board and then connected to 
a cam fastened to a shaft that may be turned with a handle. Using water, an 
appreciable stream can be pumped. Also, a definite vacuum is produced at 
the suction end of the pump. 

5. A discarded muffler may be cut open with a hacksaw so as to show the 
various chambers. 
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CHAPTER 17 

ELEMENTARY MAGNETISM AND ELECTRICITY 

To understand the electrical system of a motor vehicle thoroughly, a 
preliminary knowledge of magnetism and electricity is necessary. Mag- 
netism is often associated with an electric current. Many electrical devices 
are really magnetic devices wherein the magnetism is furnished by elec- 
tricity. 

Magnet— The name magnet was first applied to certain brown-colored 
stones taken from the earth which possessed the peculiar property of at- 
tracting small pieces of iron ore. When freely suspended by a string at 
the center this stone possessed the important propetry of pointing north 
and south, hence, it was given the name of “lodestone” (meaning leading 
stone). Hence, a magnet may be defined as a piece of steel or other sub- 
stance which possesses the properties of attracting other pieces of steel or 
iron, and of pointing north and south when freely suspended in a hori- 
zontal position. 

The compass needle is nothing more than a small bar magnet pivoted 
at the center so that it is free to turn in any direction like the lodestone. 
It will always point north and south, the same end pointing north each 
time. The ends of a magnet are termed its poles. The point midway 
between them is known as the neutral point. The end of a compass 
needle which points to the north is termed the north pole while the oppo- 
site end is called the south pole. The north pole of a magnet is generally 
marked in some manner to distinguish it from the south pole. 

Magnets are of two kinds, permanent and temporary. Permanent mag- 
nets are either bar or horseshoe, the names arising from their shape. A 
permanent magnet must be a piece of steel which has been magnetized 
and which retains its magnetism indefinitely. A temporary magnet may 
be a piece of soft iron, either under the influence of a permanent steel 
magnet or temporarily magnetized by an electric current (electro-magnet). 

There is a distinction between substances which are magnetic and 
those which are non-magnetic. Iron and steel are the only substances 
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Fig. *7.1— Field surrounding 
a bar magnet 


which manifest magnetic properties to any great extent. Two other 
metals, nickel and cobalt, are very slightly magnetic. For practical pur- 
poses all other substances, such as copper, lead, gold, brass, bronze, wood, 
rubber, glass, etc., cannot be magnetized and are therefore non-magnetic. 
However, magnetic forces will flow 
through these substances. 

A distinction must also be made be- 
tween magnets and magnetic substances. 

A magnet attracts only at its poles, each s 

of which possesses opposite properties. A $.-/$»■' J ■ ■ -s'*.yv ; . „• }, f ‘v ; : •, ^ 

piece of iron will be attracted by a mag- - ■' V' 

net no matter what part of it is ap- 
proached to the magnet; but it does not " vA" ■ 

possess fixed poles or a neutral point, 
while a magnet always has two poles 
and a neutral point. 

Surrounding any magnet there exists what is known as the magnetic 
field. It is invisible and in fact is not perceptible to any of the senses. 

That it does exist can be proved by plac- 
4'vV ' ing a piece of paper over the magnet and 

'■M uffi ''*0 sifting iron filings over it. The magnetic 

' i '>■' ■ force which permeates the space immedi- 
;_a /HV 1 ™p'': ately surrounding the magnet causes the 

i 'V ■■■' - '■" .•> fev# ’ filings to arrange themselves in a certain 

definite manner indicating the nature of 
the force, its direction, and distribution. 
The magnetic force is not the same at all 
distances, but decreases as the distance 
from the magnet increases. Fig. 7.1 shows 
the magnetic field existing about a bar 
magnet, while Fig. 7,2 shows the magnetic field of a horseshoe magnet. 

It is assumed that the magnetic lines of force (Figs. 7.1 and 7.2) ema- 
nate from the north pole of the magnet, pass through the surrounding 
medium, re-enter at the south pole and complete the circuit by passing 
from the south to the north pole through the magnet itself. Every line 
of magnetic force must have a complete circuit; hence, it is impossible to 
have a magnet with only one pole. Magnetic lines of force complete their 
circuits independently and never cut across or merge into each other. 
The fact that all the lines of force pass through the magnet itself accounts 
for the concentration of magnetic force at the poles. 


j ■ . 1 v \'- 'O' V.- , 


Fig. 7.2— Field surrounding a 
horseshoe magnet 
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Lines of magnetic force will pass through some substances more read- 
ily than through others. When a piece of iron is placed in a magnetic 
field the lines of force are bent out of their natural paths and pass through 
the iron. There are now more lines of force passing through the space 
occupied by the iron than when this space was occupied by air only. 
The property of any substance for conducting magnetic lines of force is 
termed its "permeability.” 

As shown in Fig. 7.3, a bar of soft iron placed in a magnetic field will 
cause distortion of the lines of force, many of which will pass through 
the iron. Magnetic lines of force always take the path of least resistance. 



Fig. 7.3— Permeabilities compared 


If the piece of iron is arranged free to move in the field, it will take up 
such a position as to accommodate through itself the greatest possible 
number of lines of force. If, instead of being a magnetic body, it is a 
magnet, it will move under the influence of the magnetic field in which 
it is placed, not only so as to accommodate through itself the lines of 
force of the field but also in a particular direction so that its lines will 
be in the same direction as those of the field. Thus a magnet always tends 
to place itself so that lines of magnetic force enter its south pole and leave 
at its north pole. 

Magnetic substances have the greatest permeabilities but the perme- 
ability of every magnetic substance is different. If a piece of steel is sub- 
stituted for the soft iron (Fig. 7.3), fewer lines of force will pass through 
the same space, thus showing that the conducting power of soft iron is 
greater than that of steel. The permeability of iron may be as high as two 
thousand times that of air, that is, two thousand times as many lines oi 
force will pass through the same space when occupied by iron as when 
occupied by air. 

The path taken by magnetic lines of force in passing from any pole 
of the magnet through the surrounding medium and back to the same 
pole again is known as a magnetic circuit. The simple magnetic circuit 
is composed of a magnetic substance throughout its entire length, as, for 
example, a magnetized iron ring or a horseshoe magnet with a keeper 
across its poles. A compound magnetic circuit is one in which the lines 
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Fig. 7.4— Field resulting with like 
poles adjacent 


of force must pass through both magnetic and non-magnetic substances, 
as, for example, a horseshoe magnet without its keeper. 

If two bar magnets are placed side by side and the resultant magnetic 
field is obtained by sifting iron filings on a paper covering them, it will 
be seen that the arrangement of 
the lines of force will depend upon 
whether opposite poles or like 
poles are adjacent. 

When like poles are adjacent 
(Fig. 7.4), the lines of force strik- 
ing against each other are dis- 
torted from their natural paths 
and compressed into a small space. 

This causes the magnets to be 
mutually repelled, since the lines 
of force try to return to the regular positions that they normally occupy, 
as shown in Fig. 7.1. 

If unlike poles are adjacent (Fig. 7.5), the lines of force flowing from 
the north pole of each will enter the adjacent south pole, since the steel 

offers a better path than air be- 
cause of its greater permeability. 
This causes the lines of force to be 
stretched out of the regular posi- 
tions; and mutual attraction re- 
sults, because the lines of force 
tend to return to their normal po- 
sitions. Thus it is seen that like 
poles of magnets repel while un- 
like poles attract, both of which 
effects are the direct result of dis- 
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Fig. 7.5— Field resulting with unlike 
poles adjacent 


tortion of the magnetic field. 

It is the same phenomenon that causes a piece of iron to be attracted 
by a magnet. When a piece of iron or steel is near enough to a magnet 
to be in its magnetic field, some of tire lines of force stretch out and pass, 
through the piece of iron. This causes distortion of the magnetic field 
and results in the iron or steel being drawn to the nearest pole of tire 
magnet (Fig. 7.6). While this is taking place the flow of lines of force 
through the piece of iron or steel causes it to become a temporary magnet. 
When any body is magnetized by the influence of a magnet, it is said to 
be due to magnetic induction. Contact between the inducing magnet 
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and the body magnetized is not necessary; magnetization can take place 
through all non-magnetic substances, whether they are solids, liquids, or 
gases. 

. From the foregoing, the following laws of magnets have been deduced: 

l. Unlike poles of 
magnets are mutu- 
ally attracted, 
a. Like poles of mag- 
nets are mutually 
repelled. 

3. Magnetic lines of 
force always take 
the path of least re- 
sistance. 

Fig. 7.6— How magnet attracts iron Polarity.— If the po- 

larity of a magnet is un- 
known it can be determined by using a compass needle or other small 
magnet of known polarity in accordance with the laws just stated. 

The molecular theory of magnetism explains why a piece of iron or 
steel can be magnetized. All substances are composed of minute particles 
which are called molecules. The molecules composing iron or steel are 
each individual magnets. When the iron or steel is not magnetized, the 
molecules arrange themselves promiscuously in the material; but, accord- 
ing to the law of attraction between unlike poles, local magnetic circuits 
are formed internally and there is no resulting external magnetism. Pos- 
sible positions in which the particles composing a magnetic substance 
may arrange themselves when there is no external magnetism are shown 
at the left in Fig. 7.7. It must be remembered that there may be as many 
as a million or more variously arranged magnetic circuits in even a very 
small piece of iron or steel. When the piece of iron or steel is placed in 




Fig. 7.7— Arrangement of molecules in a magnetic substance 


a magnetic field, each little magnetized particle tends to place itself so 
that its axis is parallel to the direction of the magnetic field, with its 
north pole pointing so that the lines of force must pass out at that end. 
This causes the closed magnetic circuits to be broken up and the particles 
to arrange themselves parallel to each other with their north poles all 
pointing in the same direction, as shown at the right in Fig. 7.7. The iron 
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or steel now manifests external magnetism and will continue to do so so 
as long as the molecules stay in this arrangement. 

When under the influence of a strong magnetic field, soft iron pos- 
sesses greater attractive force than steel. When the magnetic field is re- 
moved, however, the steel possesses attractive properties far superior to 
that of the iron and retains them permanently with little loss. The soft 
iron remains very slightly magnetized with what is commonly known as 
"residual magnetism.” This difference is easily explained by the molec- 
ular theory of magnetism. The molecules of iron and steel offer consid- 
erable resistance to the force tending to turn them on their axes, the 
resistance of the steel molecules being much greater. It is difficult to turn 
them around, but once being turned around it is equally difficult for 
them to return to their original positions, because of the friction between 
themselves; hence the resulting permanent magnetism in steel. On the 
other hand, the molecules of soft iron turn very readily under the influ- 
ence of a magnetic field but resume their original positions when the 
magnetic field is removed as the friction between the molecules is much 
less, accounting for the temporary magnetism in iron. Not all of the 
molecules regain their exact original positions, as is shown by the slight 
trace of magnetism always found in any piece of iron after having been 
magnetized. 

It is impossible to see the molecules of iron or steel changing their 
relative positions under the influence of magnetism but experiment has 
shown this theory to be correct. It is assumed that the molecules com- 
posing the iron or steel are regularly disposed, which necessarily has to 
be the case. When local magnetic circuits are formed, magnetization 
turns the molecules on their axes until they are arranged symmetrically. 
When they have all been turned around, the bar is said to be saturated 
or completely magnetized. No matter how much additional magnetic 
force is available, the magnetism of the bar cannot be further influenced. 

Since magnetism depends upon the arrangement of the molecules in 
the magnetic substance, their displacement will cause the partial or total 
loss of external magnetism. Any vibration tends to destroy permanent 
magnetism. For this reason, permanent steel magnets should never be 
dropped or struck. Slight shocks are sufficient to demagnetize soft iron; 
steel retains with tenacity the properties of a magnet, but its magnetic 
strength is impaired by shocks and will be entirely destroyed by a suffi- 
cient vibration. 

Vibration may be produced in a substance by heat, which causes the 
molecules to become more widely separated and reduces the internal fric- 
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tion between them. When sufficient heat is applied to a magnet, it will 
entirely lose its magnetism because its molecules have become disarranged 
by the resulting vibrations. For this reason, heat should never be applied 
to permanent magnets. 

Electro-magnetism.— When current flows through a conductor, an 
electromagnetic field is set up about it. Every wire carrying a current 
possesses this magnetic field, as can be proved by bringing a compass 
needle near the wire, The magnetic field of the wire acts on the magnetic 
field of the compass needle, causing it to be deflected. If a wire through 
which current is flowing is passed through paper upon which iron filings 
are sifted, they will arrange themselves in concentric circles with the wire 
at the center, as shown in Fig. 7.8. Thus it is seen that the magnetic field 


Current 


Fig. 7.8— Field about current-carrying conductor 

around a straight wire carrying a current consists of a cylindrical whirl of 
circular lines, their intensity decreasing as the distance from the wire 
increases, as shown in Fig. 7.8. As is true of all lines of magnetic force, 
these magnetic whirls do not merge, cross, or cut each other, but complete 
their circuits independently around the wire as shown in Fig. 7.9. 

Electric 
Current 

Fig. 7.9— Magnetic whirls 

The direction of the magnetic whirls about the wire depends upon the 
direction in which the current is flowing through it. If the thumb of the 
right hand is placed along tire wire in the direction in which the current 
is flowing, the curved fingers will indicate the direction of the magnetic 
whirls about the wire. This may be checked by placing a compass needle 
near the wire to show the direction of the lines of force by its deflection. 

If the wire is arranged as shown in Fig. 7.10, so that it describes a half- 
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circle above the cardboard, its magnetic field can be shown by sifting iron 
filings on the cardboard. When current is passing through the wire, the 
iron filings arrange themselves circu- 
larly around the wire. It is seen that 
the magnetic lines of force pass down 
through the center of the loop, as can 
been confirmed by applying the right- 
hand rule. 

If a wire is bent into a circular loop 
and current sent through it (Fig. 7.1 1), 
all the magnetic whirls about the wire 
will pass in through one side of the Fig. 7.10-Direcdon of field 
loop and out the other. If a compass through loop of wire 

needle is brought near the loop, it will 

be attracted by the magnetic field of the loop just as it would be by 
a bar magnet. This is due to the fact that the side of the loop from which 
the magnetic whirls emerge acts as the north pole, while the other side 
manifests south polarity. 

If a coil of wire is wound into a helix and current sent through it, 

the result will be as shown in Fig. 7.12. 
Magnetic whirls are set up about each 
turn of the helix; but, because the 
turns of wire are so near each other, 
the whirls join together instead of 
completing separate circuits, looping 
all the turns composing the helix and 
forming a continuous magnetic field. 
The total field is the sum of the mag- 
netic lines of each individual turn, 
since it is the result of the whirls about 
adjacent conductors joining together 

Fig. 7.11-Whirls about loop of and the sum o£ a11 the turns consti - 

w i re tutes the field or total number of lines 

of force passing through the coil. The 
field set up by the coil is shown in Fig. 7.12 and it will be seen that one 
end of the coil is the north pole while the other end is the south pole, 
just as was true of the two sides of the single loop of wire through which 
current was flowing. 

If tire curved fingers of the right hand are placed about the coil of wire 
in the direction the current is flowing, the thumb will indicate the 
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Fig. 7.1a— Field about helix 


.FINGERS POINT IN DIRECTION 
OF CURRENT 




north pole of the coil. If the current is reversed, the poles will also 
change. See Fig. 7.13. 

When a great many turns of wire are wound on a wooden or brass 

spool similar to the winding of a spool of 
thread, the resulting coil is called a “so- 
lenoid.” 

An iron or steel bar inserted in a 
solenoid through which current is flow- 
ing is a much better conductor of the 
magnetic lines of force inside the sole- 
noid than is the air, so that the strength 
or attractive force of the solenoid is ma- 
terially increased, though the magnetizing current is the same as before. 
An iron core introduced into a solenoid carrying a current becomes 
strongly magnetized and is called an electro-magnet (Fig. 7.14). The di- 
rection of the lines of force 
through the iron core of 
the solenoid is the same 
as their natural direction 
through the solenoid alone, 
so that the laws of polarity 
of the solenoid hold for the 
electro-magnet. The mol- 
ecular theory of magnetism 
explains how magnetism is 
produced in the iron bar by 
passing current around it. 

The solenoid’s magnetic 
field acts upon the molecules- composing the iron bar, causing them to ar- 
range themselves parallel and producing an external field about the core. 
The magnetic field set up by the current simply makes actual the latent 

magnetism of the iron. This molecular ac- 
tion also accounts for the permanent mag- 
' netism produced in a piece of steel that has 

been inserted in a solenoid, since the fric- 
tion between the molecules prevents many 
of them from resuming their original posi- 
tions. 

If a coil of wire is wound around an 
Fig- 7.14— Electro-magnet iron ring and current is sent through the 



'TO NORTH POLE 

Fig, 7.13— Determining polarity of an electro- 
magnet 

(Army Manual TM10-580) 
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■wire, lines of magnetic force will flow around through the iron ring. If a 
small air gap is made in the ring by sawing out a section, a compound cir- 
cuit is formed and lines of force are compelled to pass through the air gap 
to complete their circuit, so that north and south poles are produced. The 
lines of force through the iron part of the circuit are not nearly so dense 
as before, because the resistance of tire circuit has been increased by intro- 
ducing an air gap. If the removed section of the ring is now replaced and 
the ring is covered with iron filings while it is magnetized, a great many 
filings will be attracted at the two joints. This illustrates magnetic leak- 
age. When magnetic leakage takes place with permanent magnets, their 
strength is impaired. This should be guarded against, especially when 
dismounting magnets. 

The strength of an electro-magnet can be increased in three ways: 
(1) by increasing the strength of the current in the coil; (a) by increasing 
the number of turns of the coil; (3) by increasing the permeability of the 
core. Since the current is measured in amperes the combination of items 
1 and a is sometimes called “ampere-turns.” 



Fig. 7.15— Horseshoe Electro magnet 


Electro-magnets serve three general functions in the devices of which 
they are a part. They are used to attract magnetic materials or other 
electro-magnets, to repel other electro-magnets, or to create a magnetic 
field. Some electro-magnets are shaped like horseshoes in order to obtain 
a strong magnetic field, as shown in Fig. 7.15. 
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Applications of the Electro-magnet— The starting motor of a motor 
vehicle is an application of the electro-magnet. It is a direct-current mo- 
tor that is designed to crank the engine. The operation of a direct-current 
motor might be explained as the rotation of an electro-magnet, called an 
armature, that has been produced by the attraction and repulsion of 
another electro-magnet called a field magnet (Fig. 7.16). 



The maximum distance through which an armature of such a two-pole 
direct-current motor could rotate would be half a revolution unless some 
provision were made to change its polarity at the right time. The com- 
mutator does just that. It makes contact with brushes which are con- 
nected to the source of the electrical energy and permits the current to 
flow through the armature. When the armature has turned about half a 
revolution, the segments of the commutator change brushes and thus 
cause the current through the armature to change in direction. This ac- 
tion reverses the polarity of the armature and enables it to move another 
half revolution when the process is again repeated and the armature con- 
tinues to rotate. 

The field magnet of a starting motor is connected in the same path 
(series) (Fig. 7.16) as is traveled by the current that is led to the armature. 
Such a motor is known as a series-wound motor. The construction and 
operation of the starting motor in conjunction with the starting of the 
engine will be treated in Chapter 19 on “Starting and Generating Sys- 
tems." Other applications of the electro-magnet will be discussed after 
an explanation of elementary electricity. 


ELEMENTARY MAGNETISM AND ELECTRICITY 


275 


Static Electricity.— Static electricity is the term used to describe cer- 
tain phenomena, such as the ability of a rubber rod, when it is rubbed 
with a cloth, to pick up light objects. The rubber rod is said to be elec- 
trically charged. Other familiar examples of acquiring static charges 
occur when a person rubs his feet on a rug, or runs a comb through his 
hair. Benjamin Franklin and others explained these phenomena in terms 
of two kinds of electricity, plus and minus. They said that certain objects, 
when rubbed, acquired a plus charge; others, a minus charge. Mutual 
attraction occurs when a minus charge is near a plus charge. Repulsion 
occurs between like charges. 

Today, with a more complete understanding of the nature of matter, 
we say that an uncharged body has an equal quantity of negative elec- 
tricity (electrons) and positive electricity (protons). A negatively charged 
body has an excess of electrons; a positively charged body has a deficiency 
of them. Hence a body acquires a positive charge when it loses electrons, 
thus leaving an excess quantity of protons with their plus charges. These 
electrons can be rubbed off some bodies onto others. This is called charg- 
ing by friction. Bodies that can be charged that way are called insulators. 

Metals cannot be charged by friction because electrons move freely in 
them. A movement of electrons in a solid constitutes an electric current. 
A material in which electrons move freely is called a conductor. Electrons 
can be made to move in a 
conductor by the attrac- 
tion of an unlike charge 
or the repulsion of a like 
charge. In this way a con- 
ductor that is insulated 
from the ground can be 
charged by induction. 

A condenser is a device 
for storing electricity. It 
consists essentially of metal 
plates (conductors) sepa- 
rated by insulators (Fig. 7.17) such as wax paper. The presence of the 
insulators prevents the flow of electrons from one plate to the other. If 
one plate is given a plus charge, the other will acquire a minus charge by 
induction if electrons are allowed to reach it. In this manner we can 
build up and store two opposite charges within certain limits. If the two 
plates are connected with a wire, an instantaneous current will flow. The 



Fig. 7.17— Condenser construction 
(Army Manual TM 10-580) 
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use of a condenser in conjunction with an induction coil will be ex- 
plained later. 

Electric Current.— Electricity as understood generally to consist of 
electric current flowing in metallic wires or bars. This current and its 
flow have been studied in great detail and laws governing their relation- 
ships to other phenomena were discovered long before the true nature of 
electric current was discovered. 

At the time, it was thought that the electric current ran from plus to 
minus and hence all relationships involving current direction were ex- 
pressed in those terms. In practice, the electric current is still said to flow 
from plus to minus; only the electron current flows from minus to plus. 

Electrical Circuits— The laws governing electrical circuits are clearly 
understood and defined. These laws can best be explained by comparing 
the flow of electricity to that of water, to which it is similar. However, it 
must be remembered that electricity is not a liquid and is only compared 
with water to understand better its flow. 



AC £ 

Fig. 7.18— Water analogy to flow of electrical current 


Fig. 7.18 shows two tanks A and B at the same level (A being filled 
with water) connected by a pipe in which is placed a valve. When the 
valve is opened slightly, the water will flow slowly from A into B until 
the level of water in both tanks is the same. If the valve had been opened 
wider, the flow of water would have been faster, because a larger opening 
offers less resistance to flow. Had air been pumped into the top of tank A 
until a high pressure was obtained, the flow of water through the pipe 
into tank B would have been still faster. Although the rate at which the 
water flows from tank A into tank B may vary, the quantity that flows is 
independent of the rate and depends only upon the difference in pressure 
between the two tanks. It is seen that pressure is required to cause water 
to flow and that the rate of flow can be increased by reducing the resist- 
ance to its passage or by increasing the pressure. 

In Fig. 7.19 the two terminals A and B of the dry cell axe connected 
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by a nichrome wire through the switch C. This arrangement may be com- 
pared to the two tanks connected by a pipe; the positive terminal A cor- 
responding to the full tank, the negative terminal B corresponding to the 
empty tank, the nichrome wire to the pipe, and the switch C to the valve. 
When the switch is closed, current flows from A to B through the wire. 



The water flows from tank A to tank B because there is greater pressure 
at A than at B. Current flows from terminal A to terminal B because 
there is greater electrical pressure at A than at B. 

Water pressure is usually measured in pounds per square inch; 
electrical pressure is measured in volts. The amount of water that flows 
may be measured in gallons or in barrels; the amount of current that 
flows is measured in amperes. The smaller or longer the pipe, the less 
will be the water flowing through it, because of the increased resistance;' 
similarly, the smaller or longer the wire, the less will be the current flow- 
ing through it, because of the increased resistance, and this electrical re- 
sistance is measured in ohms. 

The pound and the gallon are definite units of pressure and quantity, 
both of which are familiar. Years ago, in order to decide upon similar 
units for measuring electricity, a committee was appointed, made up of 
prominent scientists of the time. Dr. Ohm was chairman of this commit- 
tee, which met in his laboratory to decide the units by which electrical 
pressure, current, and resistance should be measured. 

It was decided that the amount of pressure given by a certain cell 
should be the standard unit to which all other electrical pressure should 
be compared. The cell chosen was the voltaic cell, and the amount of 
pressure this cell gave was named the "volt.” A six-volt battery is one 
having six times the pressure of the voltaic cell. 
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To obtain the unit of resistance, it was decided to take a certain con 
ductor and call its resistance the standard to which all others should be 
compared. The one chosen was a tube of mercury of definite size and 
length, and the amount of its resistance to the flow of current through it 
was named the “ohm." A conductor which has three ohms resistance is 
one that offers three times as much resistance to the flow of current as 
the original tube of mercury. 

To obtain the unit of current, it was decided to take this cell giving 
one volt pressure and connect its terminals with the tube of mercury, and 
the amount of current that flowed was named the “ampere.” A circuit 
which has 10 amp flowing through it is one in which the current is 10 
times as great as that caused to flow by a pressure of one volt through one 
ohm resistance. 

These quantities now have legal definitions that were reached by 
international agreement. The Weston cell is now the standard cell. Since 

its voltage at 2o°C is 1.018s volts, the volt is defined as s— of the 

6 ° ,1.0183 

voltage of the Weston cell. The unit of current, the ampere is defined as 

the current that will deposit 0.001118 gTams of silver in one second. The 

ohm is a resistance equal to that of a column of mercury 106.3 cm long 

and 1 sq mm in cross-section at o°C. 

Referring to Fig. 7.18 if the pressure is increased and the pipe size 
and length remain the same, more water will flow; the same is true of 
electricity. If the pressure (voltage) is increased, more current (amperes) 
will flow through the circuit, provided the resistance is not changed. If 
the pressure remains the same but the size of the valve opening is made 
smaller or the pipe decreased in size or increased in length, less water will 
flow; the same is true in electric circuits. If the pressure (voltage) remains 
the same and tlie wire is decreased in size or increased in length, increas- 
ing the resistance (ohms), less current (amperes) will flow. 

By experiment it has been found that the flow of electricity always 
depends upon the pressure and resistance of the circuit, and that definite 
laws govern the amount o£ change in the flow of electricity for a given 
change of either of these. The relation between electrical pressure, cur- 
rent, and resistance is known as Ohm’s Law, and is as follows: 

1. The strength of current flowing in any circuit is equal to the pres- 
sure in volts divided by the resistance of the circuit in ohms. 

2, The strength of current in any circuit increases or decreases directly 
as the pressure increases or decreases when, the resistance is constant. 
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With a constant pressure, the current increases as the resistance is de- 
creased and decreases as the resistance is increased. 


Current — 


Pressure 


Amperes 


Resistance 
Volts 


Ohms 

E 


”' I= E 

Problem 1.— With a six-volt battery and a circuit of two ohms resist- 
ance, how many amperes of current will flow in the circuit? 

E 6 

I = _ = _ = 3amp 

Problem 2 —If the voltage is increased to ia volts and the resistance is 
the same, how many amperes of current will flow? 

t E is 

I- — =— =6amp 

This shows how the current increases as the voltage increases. 

Problem 3. — If the resistance is increased to 3 ohms and the voltage is 
the same, how many amperes of current will flow? 

E 6 

I — — — — = 2 amp 
R 3 

Showing how the current decreases as the resistance increases. 

If the two tanks A and B (Fig. 7.18) are connected by a solid rod, no 
water can flow; a hollow rod or pipe is necessary to permit water to pass 
through it. If the terminals A and B (Fig. 7.19) of the dry cell were con- 
nected by a glass rod, no current could flow; a metal rod or wire is neces- 
sary to permit electric current to pass through it. For this reason metals 
and other substances that electricity flows through easily, because of their 
low resistance, are called conductors. 

To retain water, a pipe must be made of strong enough material to 
withstand the pressure exerted by the water passing through it. Similarly, 
to retain the current passing through it, a wire must be surrounded by 
some material through which current cannot pass. Materials which offer 
considerable resistance to the passage of current through them are called 
non-conductors or insulators. 

All conductors do not conduct electricity equally well, since the resist- 
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ance of every substance is different. Silver, copper, aluminum, steel and 
iron are all good conductors and offer but little resistance to the flow of 
current. Materials such as glass, procelain, rubber, silk, cotton, fiber 
wood, and air offer a great deal of resistance to the flow of current and 
are classed as insulators. As in the case of conductors, all insulators do 
not resist the flow of current equally well. 



“ a “ ttat * h ' P ™ ure in “ '!«*= drcuit determines 
WiU In WOrds ’ over- 

, Z ,T , d cur mt to flow. Tor this reason, an insulator 

of much higher resistance must be used when the pressure is high in a 
ctreutt than would be necessary if the pressure were low ® 
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The resistance o£ an electrical device may be found by the use of an 
ammeter and voltmeter. The ammeter is connected in the same path 
as the electrical device (series) and the voltmeter is connected across 
(parallel) the resistance, as shown in Fig. 7.20. 

The voltmeter and ammeter should be of suitable range, that is, the 
voltage and the current to be measured should not be beyond the range 
of the instruments. When in doubt, use instruments of greatest range 
first. From the reading of the voltmeter and ammeter the resistance may 
be computed by Ohm’s Law as already explained. 

The common circuits used in ignition, lighting, and starting work 
are series and parallel. 

Series Circuit.— When electric lamps are connected as shown in Fig. 
7.21 they are said to be in series, because the current flows through each 

lamp to the next succeeding 
one, returning from the last 
one to the battery. In a circuit 
of this kind, the resistance in- 
creases as the number of lamps 
is increased, the current de- 
creasing if the pressure re- 
mains the same. Another dis- 
advantage of this circuit is the fact that, should one lamp or other part 
burn out or be removed, the circuit is left open. 

Parallel Circuits.— When electric lamps are connected as shown in 
Fig. 7.22 they are said to be connected in parallel. All the current in this 
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Fig. 7.21— Series circuit 
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Fig. 7.22— Parallel circuit 


case does not have to flow through every lamp, but part of it flows through 
each and back to the battery through the common return wire. 

If two tanks A and B are connected as shown in Fig. 7.23 and valve C 
is opened, a certain amount of water will flow between them. If valve D 
also is opened, more water will flow because another path has been 
opened, reducing the total resistance. If valve E also is opened, a still 
greater quantity of water will flow. 
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This is analogous to the arragement shown in Fig. 7.82. As more 
lamps are added, the total resistance of the circuit is reduced and more 
current flows if the pressure remains the same. 

Lights on cars are connected in parallel, so that turning on additional 
lights will not require a change of voltage. Also, the burning out of one 
light will not put out any of the others. 



Fig. 7.23— Water analogy to parallel circuit 


Cells in Series and Parallel.— Chemical cells are often used to obtain 
the voltage necessary to furnish electric current. The explanation of their 
operation will be given later. The voltage that each cell delivers is fixed 
by its nature. If more voltage is required than can be furnished by one 
cell, a number of cells are connected in series, that is, the plus terminal 
of one cell is connected to the minus terminal of the next cell, as shown 
in Fig. 7.24. 



Fig. 7.24— Five dry cells connected in series 


A combination of cells so arranged is called a battery. The voltage of 
the battery is the sum of the voltages of the cells. If three lead storage 
cells are connected in series, the battery voltage is 6 volts since each cell 
furnishes 8 volts. 



Fig. 7.55— Five dry cells connected in parallel 
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To obtain a current larger than can be furnished by one cell, a num- 
ber of cells are connected in parallel as shown in Fig. 7.25. 

With this arrangement all the plus poles are connected together as are 
all the minus poles. The current in the circuit, in this case, is the sum 
of the currents furnished by each cell. 

Heating Effect of Electric Current.— An electric current heats the 
wire through which it passes. The amount of heat that is converted from 
the electrical energy, depends upon the size of the current and the resist- 
ance of the wire. If the current is doubled, the heat developed will be 
four times as great since the heat developed varies as the (current) 2 . If the 
resistance is doubled, the heat developed is only twice as great, provided 
the current is not altered. In the automobile the heating effect of the 
electric current is utilized in electric light bulbs, fuses, and, sometimes, in 
bi-metal-type gasoline gages. Some accessories, such as cigarette lighters 
and electric heaters, also use the heating effect of the current. 

In the electric light bulb the heating effect of the current makes the 
filament incandescent. In the fuse the heating effect limits the current 
that the circuit will carry to a safe value. A fuse is made of a low melting 
point alloy and is designed to melt when a certain maximum current is 
sent through it. A 20-amp fuse will melt when 20 amperes are sent 
through it and thus will open the circuit since it is always placed in series 
with the circuit which it protects. (The operation of the bi-metal gasoline 
gage has already been explained in the chapter “Fuel-Feed, Intake and 
Exhaust Systems.”) 

In a series circuit the greatest heat will be developed in the highest 
resistance since the current is the same throughout. In a parallel circuit 
the greatest amount of heat is developed in the lowest resistance because 
it has the largest current. 


QUESTIONS 

1. Distinguish between a permanent and a temporary magnet. 

2. Explain how a piece of soft iron affects the magnetic field in which it is 
placed. 

3. By means of a diagram show the the directions of the lines of force be- 
tween two unlike poles. 

4. List five properties of lines of force. 

g. State the three laws of magnets. 

6. Explain how the polarity of a magnet may be found. 

7. By means of a diagram show how the molecular arrangements of an 
unmagnetized substance differs from one that is magnetized. 
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8. Show by means of a diagram the shape of the magnetic field around a 
straight wire that is carrying an electric current. 

9. Compare the magnetic field about a helix carrying current with that 
around a bar magnet. 

10. Explain how the polarity of an electro-magnet can be determined from 
the direction of the current in the windings. 

11. What three factors determine the strength of an electro-magnet? 

12. Construct a diagram of a horseshoe electro-magnet. Show the direction 
of current in the coils and the polarity of the poles. 

13. With the aid of a diagram explain the operation of a simple direct- 
current motor. 

14. Explain with the aid of die electron theory how a body acquires a plus 
charge by friction. 

15. Distinguish between conductors and insulators in terms of electron 
movement. 

16. Draw a simple condenser. Explain how it can store a charge of elec- 
tricity. 

17. How much current will flow through a wire of 10 ohms resistance if 
the voltage is 20 voIls? 

18. Explain how a short-circuit may be produced. 

20. With the aid of a diagram show how a voltmeter and an ammeter are 
connected to a wire whose resistance is to be measured. 

si. List the advantages of a parallel circuit. 

22. Show by means of a diagram how a 12-volt battery can be made from 
cells that furnish 2 volts each. 

23. Where is the greatest heat developed in a parallel circuit? Explain. 

24. Explain how a fuse protects a circuit from overload. 

25. How is the total current in the circuit affected by the addition of more 
resistances in parallel? Explain, 


SUGGESTED PROJECTS 

1. Electro-magnets may be made by winding some insulated wire on a nail. 
A dry cell will furnish enough current to give the electro-magnet appreciable 
strength. 

2. Knife blades may be magnetized by stroking them with a bar magnet. 

3. Small fuses can be melted by connecting them to the terminals of fresh 
dry cells. 

4. The operation of a direct-current motor may be demonstrated by sus- 
pending one magnet so that it can rotate, and then bringing alternate poles 
of another magnet around it. 
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CHAPTER l8 

ELECTROMOTIVE FORCE 

Electromotive force or voltage is essential to the flow of current in an 
electrical circuit. Electromotive force is produced in two general ways- 
by chemical action and by electromagnetic induction. Both methods are 
employed in motor vehicles. The chemical action method is used by the 
battery; the induction method is used in the generator and the induction 
coil. 

Battery— The battery consists of a series of storage cells in which 
chemical energy is changed into electrical energy. When the battery is 
being recharged, this process is reversed. Description of a simple primary 
cell will indicate how this transformation is brought about, the only dif- 
ference between a storage and a simple primary cell being that the storage 
cell can be recharged after having discharged itself. 

A simple primary cell is made by placing two dissimilar metals in an 
acid and/or alkaline solution. Fig. 7.26 shows a plate of zinc and a plate of 
copper placed in a glass jar containing a solu- 
tion of sulfuric acid. If the plates are con- 
nected by a piece of wire, a chemical reaction 
takes place between the zinc plate and the acid, 
causing the zinc to be gradually wasted away. 

This causes the terminal at the copper plate to 
be positively charged, resulting in a flow of 
current from the terminal at the copper plate 
through the wue to the terminal at the zinc 
plate. This action continues as long as any of 
the zinc is left, or until the add has become so 
weak that its power to attack the zinc is ex- 
hausted. If the connection between the plates 
is broken at any time, the chemical reaction 
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Fig. 7.26— Simple electric 
cell 
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stops and will continue only when the circuit is made again. This sim- 
plest form of chemical cell illustrates the fundamental principle under- 
lying the operation of the chemically produced electromotive force in 
modem storage battery cells— as well as in all other cells producing elec- 
tromotive force chemically. 

In the cell of the modern storage battery the dissimilar plates (called 
electrodes) consist of perforated grids into which lead or lead peroxide 
has been pressed, as shown in Fig. 7. 27. The solution of sulfuric acid is 
known as an electrolyte. The grids are made of an alloy of lead and anti- 
mony, which makes them resistant to electro-chemical corrosion, and 
gives them strength and rigidity. The group of plates connected to the 

positive terminal of the cell consists of grids 
filled with a paste of lead peroxide, charac- 
terized by its brown color. The group of 
plates connected to the negative terminal of 
the cell consists of grids filled with metallic 
lead of a spongy nature. This lead is dull 
gray in color. 

These plates are arranged in the cell so 
that the positive and negative plates alter- 
nate. Between the plates are placed separa- 
tors to prevent the positive and negative 
plates from coming into contact. The sepa- 
rators must be porous to allow the solution 
to pass through freely. They are usually 
made of specially treated wood or hard rub- 
ber. The jar or container in which the 
plates are placed is usually made of hard 
rubber which is not affected by the acid. The assembly of plates and sep- 
arators, Fig. 7.28, is placed in this jar and a solution of sulfuric acid and 
distilled water is added until the level of the liquid in the jar is about s/ a 
in. over the tops of the plates. The cell is sealed by a cover of hard rub- 
ber through which the positive and negative terminals project (Fig. 7.29). 
A filler cap, incorporating an air vent for the escape of gas, is provided. 
Through this filler opening, distilled water is also added to keep the 
plates covered. 

One type of filler cap has a condensing chamber in which gases from 
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the electrolyte will be condensed and returned to the cell. Another type 
is placed on a vent next to the filler hole when distilled water is put in. 
This creates an air seal which prevents overfilling the cell. 

In modern passenger cars, three storage cells are connected in series 
to form batteries which will give higher voltage than a single cell. The 
voltage of a cell is usually considered to be two volts, since this is the 
average value. All batteries 
of modern passenger cars 
are three-cell, six-volt bat- 
teries. See Fig. 7.30. 

If greater amperage is 
desired, the number of 
plates is increased, since the 
amperage depends on the 
area of plate surface in con- 
tact with the acid. About 
1 sq ft of plate surface must 
be in contact to produce 
40-60 amperes (amp). Pas- 
senger-car batteries have 1 1, 

13, 15, 17, ig, or 21 plates. 

There is always one more 
negative plate than positive 
plate. 

The rating of storage 
batteries is usually given in 
volts and ampere hours. An 
ampere-hour (amp-hr) is the 
quantity of electricity deliv- 
ered in 1 hour (hr) by a cur- 
rent of 1 amp strength. If 15 amp is the rate of discharge at which a given 
battery is rated, a 6 volt 120 amp-hr battery is one having three cells con- 
nected in series and discharging 15 amp of current for ,8 hr. 

The expected 8-hr life of sucii a battery will be reduced more than 
proportionately, however, if the battery is discharged at a rate in excess 
of 15 amp per hour during the 8-hr period. If, for example, the battery 
were to be discharged at the rate of 20 amp per hr, it would not last for 
6 hr. 


POSITIVE 
PLATE N.i 
GROUP 


StPERATORS 


NEGATIVE 

PLATE 

GROUP 



Fig. 7.28— Plate Assembly 
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Similarly, if the battery be discharged at less than 15 amp per hr, its 
life will be increased more than proportionately. Should it be discharged 
at 5 amp per hr, in other words, it probably would last for more than 

24 hr. Commercial passenger-car batteries 
are generally rated in ampere hours on a 20- 
hr basis. These batteries vary in capacity 
from 65-135 amp-hr when discharged in 20 
hr, depending on their design and number 
of plates. 

The chemical reaction which takes place 
when a storage battery is discharging is as 
follows: The sulfuric acid (H 2 S 0 4 ) is broken 
up into two parts, H 2 and S 0 4 . The hydro- 
gen is liberated at the lead peroxide plates 
(PbO a ), reducing them to lead oxide (PbO), 
which combines with parts of sulfuric acid to 
form lead sulfate (PbS 0 4 ) and water (H a O). 
Fig- 7.29— Cross-section The S 0 4 is liberated at the spongy lead 

through storage cell pj a tes (Pb) and combines with them to form 

lead sulphate (PbS 0 4 ) . During this process, 
the electrolyte grows less concentrated because 
of the absorption of S 0 4 by the spongy lead 
plates. 

When the battery is being charged by pass- 
ing current through it in the opposite direc- 
tion, the chemical action just described is 
reversed. The lead sulphate on one plate is 
converted back to lead peroxide, the lead sul- 
fate on the other plate is reduced to spongy 
lead, and the electrolyte (sulphuric-acid solu- 
tion) becomes more dense because of the in- 
creased amount of sulfuric acid. Following is 
a tabulation of«the chemical reaction which 
takes place in a storage battery while discharging and charging. 

Charge Discharge 

Lead Sulfuric Spongy Lead Lead 

Peroxide Acid Lead Sulfate Water Sulfate "Q” 

Pb0 2 4. aH 8 S0 4 + Pb PbS0 4 -f sH s O -j- PbS0 4 + “Q” 
Positive Electrolyte Negative Positive Water Negative Energy 
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Fig. 7.30— Cell connec- 
tions for a 6-volt storage 
battery 

(Army Manual TM 10-580) 
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(The symbol "Q” represents electrical energy furnished by the chemi- 
cal action in the cells of the battery.) 

The storage battery is restored to normal condition by passing direct 
current through it from some outside source. This recharging process is 
the same as the charging process just described, the chemical reaction 
taking place upon discharge being reversed. It is erroneous to say that 
electricity is stored in a storage cell. The 
storage cell is a means of converting 
electrical energy into chemical energy 
during charge and chemical energy into 
electrical energy during discharge. 

During discharge, some of the sul- 
furic acid combines with the plates, 
causing the solution to have a greater 
proportion of water than sulfuric acid. 

This proportion increases as the discharg- 
ing continues. The relative amounts of 
acid and water can be determined by 
reading the specific gravity of the solu- 
tion. This is accomplished by the use of 
a hydrometer, contained in a syringe 
(Fig. 7.31). The electrolyte is drawn up 
into the syringe by the bulb; and the 
hydrometer float will sink to a greater or 
less extent according to the amount of 
sulfuric acid in the solution. If the hy- 
drometer reads i.s8o, it indicates that the 
liquid is 1.280 times as heavy as water. 

The scale of the hydrometer is read on the stem at the surface of the 
liquid when the hydrometer is floating in it, as shown in Fig. 7.31. All 
hydrometer readings are based on an electrolyte temperature of 8o°F. A 
special thermometer is made, which, when immersed in the electrolyte, 
will record correctly the temperature of the electrolyte. To correct the 
specific gravity reading on the hydrometer for temperature subtract 0.001 
specific gravity from the specific gravity reading for every 3°F below 8o°F, 
and add 0.001 specific gravity for each 3°F above 8o°F. 

The readings of the hydrometer show the condition of the battery in 
accordance with the following table: 



Fig. 7.31— Hydrometer and 
syringe 
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Reading 

1.280-1.300 

1.250 

1-215 

1.180 


Condition 
Full charge 
{4 discharge 
1/2 discharge 
34 discharge 


During the chemical reaction which takes place in charging and dis- 
charging, heat is generated and causes loss of some of the water but not 
of sulfuric acid. When the solution in the cells gets below the top of the 
plates, more distilled water must be added. It is desirable to do this every 
week in summer and every two weeks in winter. In winter, water should 
be added just before using the car, so that the water will not freeze before 
combining with the sulfuric acid. 


Specific Gravity 
1.150 
1.180 
1.215 
1.250 


Freezing Point 
5° F 
Zero 0 F 
-2o° F 
-fio° F 


When a battery is not to be used for two or three months, it should be 
given a fresh charge once a month and a thorough charge before being 
put back into service. 

A hydrometer reading of less than 1.250 in colder climates, and of 
1.180 in warmer climates indicates that recharging is needed if the best 
battery performance is to be obtained. If the water in the battery is 
allowed to get below the top of the plates and remain so for any length 
of time, the plates will buckle or warp and possibly puncture the separa- 
tors which divide them. Such a puncture will cause a short circuit, which 
will soon ruin the battery. Even if lack of sufficient water should fail to 
result in puncture of the separators, it will impair the efficiency of both 
plates and separators, since the chemical reaction on the dry plates will 
make it all the harder to recharge the battery. It may possibly never be 
capable of becoming fully charged again. 

Normal release of gases in the battery solution loosens the active ma- 
terial from the plates, and in time forms a sediment in the bottom of the 
cell. Loss of the active material from the plates constitutes the wearing 
out of the battery. 

Discharge Test.— If, on a heavy ampere discharge tester, it is shown 
that one or more cells do not retain voltage, it is better to put in a new 
battery than to attempt to repair the poor cells. If one cell is bad, and 
the battery has been in use for a year or so, it follows that other cells are 
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also liable to early failure. The heavy discharge test is the best way to 
determine battery condition, since under increasing ampere loads this test 
shows how the voltage stands up. If the voltage drops off rapidly, weak- 
ness is indicated in the particular cell being tested. 

A heavy ampere discharge tester usually consists of a voltmeter con- 
nected by means of switches so that it can be placed quickly across any 
one of three cells; an ammeter with a range of about 400 amp; and a 
variable carbon-pile rheostat. Two of the four leads that are provided 
connect the terminals of the battery in series with the rheostat and the 
ammeter. By adjusting the rheostat and watching the ammeter, the 
recommended discharge rate may be secured. The voltage across each 
cell can be determined during the discharge by the use of the other two 
leads and the switches. The rate of discharge required is determined by 
the size of the battery and can be found by the use of charts. Some 
voltmeters are made to read the condition of the cell directly rather than 
in volts. 

Battery cables and terminals should be checked, cleaned, and coated 
with light grease to prevent corrosion; and bolts should be tightened to 
give good electrical contact. 

When installing a battery, it is important to ground the proper ter- 
minal, according to manufacturer's specifications. 

Induction.— Comparatively little is known about the exact nature of 
magnetism and electricity, but much has been discovered concerning the 
relation existing between them. It has been shown that whenever there is 



Fig. 7.32— Electro-magnetic induction 


a current of electricity flowing there is always a magnetic field present. 
This magnetic field lasts as long as the current continues to flow, showing 
that there is a definite relation existing between magnetism and elec- 
tricity. Since electricity produces magnetism, it is reasonable to expect 
magnetism to produce electricity, and it has been found by experiment 
that this is true. 
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If a magnetic field is present and a loop of wire is moved so as to cut 
the magnetic lines of force (Fig. 7.33), a current is caused to flow through 
the conductor. Currents generated in this way are known as induced cur- 
rents, and the phenomenon is termed electromagnetic induction. The 
same result is obtained if the conductor is kept stationary and the mag- 
netic lines of force are moved so as to be cut by the conductor. 

The direction of the flow of the induced current in the conductor 
will depend upon the direction of the lines of force and the direction in 
which the magnetic field is cut. A simple method of determining this, 
when the direction of motion and direction of the lines of force are 
known, is by the means of the right-hand rule. Place the thumb and the 
first and second fingers of the right hand all at right angles to each other 
(Fig. 7.33) and in such relation to the conductor that the first finger points 
in the direction of the lines of force and the thumb in the direction of 
motion. The second finger will then indicate the direction of the in- 
duced current. Applying this rule to Fig. 7.33 in 
which the wire is being moved upward and the lines 
of force flow from the north pole as indicated, the 
current is found to flow through the conductor as in- 
dicated by the arrow. 

The strength of the induced voltage in a con- 
ductor when it is cutting lines of force is proportional 
to the rate at which the lines of force are cut. If a 
circuit of several turns of wii'e is substituted for the 
single loop used in Fig. 7.32, the induced voltage will be greater. This 
results because each loop now cuts as many lines of force as were cut by a 
single loop, increasing the total number of lines of force cut. If the 
strength of tire magnet is increased, it will cause more lines of force to be 
set up so that the same number of turns moving through the field would 
cut a greater number of lines of force, thus causing an induced current 
of higher voltage. The induced voltage will, therefore, depend upon the 
following factors: 

1. The strength of the magnetic field 

2. The speed or rate of cutting lines of force 

3. The number of turns of wire cutting the lines of force. 

The Generator.— The generator keeps the battery charged and, under 
some conditions, supplies current directly to points of use just as does the 
battery itself. The electrical output of a generator depends upon the 
mechanical energy supplied to drive it. Hence a generator is a piece of 
electrical apparatus for transforming mechanical energy into electrical 



Fig. 7.33-Right- 
hand rule 
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energy in the form of induced electromotive force. This force causes 
electricity to flow through the external circuit (wiring outside the gen- 
erator) from the positive terminal to the negative terminal, just as water 
flows from a higher to a lower level. In the internal circuit (wiring in- 
side the generator) electricity flows from a lower to a higher voltage be- 
cause of the induced electromotive force, just as water is pumped from 
a lower to a higher level. 

Generators and electric motors are classified, according to their de- 
sign and mechanical construction, as direct-current and alternating-cur- 
rent machines. 

The current in the internal circuit is always alternating, but it can 
be changed to direct current in the external circuit by employing suitable 
moving contact pieces, which when assembled are called a commutator. 
Only direct-current machines can be used for generators and starting 
motors in motor vehicles, since a storage battery can be charged only with 
a direct current. 


Rotation Rotation 



The simplest form of generator may be made by mounting a closed 
loop of wire on a shaft which can be revolved in the magnetic field exist- 
ing between the north and south poles as shown in Fig. 7.34. If the loop 
is revolved as indicated by the arrow, the following will result: In the 
position shown by the dotted lines in Fig. 7.34^, there will be no induced 
electromotive force in the loop, since all the lines of force of the magnetic 
field thread through the loop. As the loop is turned in the direction of 
the arrow through one-fourth a revolution until it assumes a horizontal 
position, an electromotive force and electric current is set up in section ab 
of the loop in the direction of the arrow, along the solid line. In the 
same manner, the current passes along line cd in the direction of the 
arrow. The direction of the flow of current along the loop is determined 
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by use of the right-hand rule (Fig. 7.33). The electromotive force along 
the loop is greatest in the center or horizontal position as indicated in the 
diagram, and diminishes as it approaches the upper and lower limits, 
dropping to zero each time it passes the vertical position. At the end of 
the next half revolution from the horizontal position shown in Fig. 7.34^, 
when section ab of the loop is going up, and cd is going down, the elec- 
tromotive force induced in the loop will be in the opposite direction, as 
indicated in Fig. 7.345. The current is reversed twice each revolution, 
an alternating current flowing around the loop. 

To utilize the current flowing in a closed loop when it is rotated in a 
magnetic field, some mechanical device must be used to lead the current 
from the rotating loop so it will flow through an external circuit. This is 
accomplished by attaching the ends of the loop to 
metal contacts against which are held stationary 
pieces called brushes. If each brush is connected first 
with one contact piece or commutator bar and then 
the other commutator bar of the revolving loop and 
the change is made at the instant the current in each 
side of the loop is reversing, the current in the out- 
side circuit will always flow in the same direction. 
This is accomplished by means of a commutator, 
made up of the moving parts previously mentioned. 

The simplest form of commutator (Fig. 7.35) consists of a split ring, 
the segments and S 2 being insulated from each other and also from 
the shaft on which they and the loop are mounted. The brushes B 1 and 
Ujj rest on the commutator at diametrically opposite points, collecting the 
current and delivering it to the load L. 

Assuming that the current in C 1 is flowing to the brush B v the current 
in C 2 must be flowing in the opposite direction or away from brush B 2 . 
Hence J 3 1 is positive and B 2 is negative. The brush B l bears on segment S 1 
as long as the current in C x continues to flow in this direction. At the 
instant the current in C x starts to flow in die opposite direction, the seg- 
ment S 1 leaves this brush and S 2 just makes contact with B v The current 
in C a has also reversed and now flows to segment S 2 . Hence S 2 now de- 
livers current to brush jB 1 , which still continues to be the positive brush. 
In the same way, brush B 2 is always the negative brush and the current 
delivered to the load always flows in the same direction. 

When but a single loop of wire is used, the induced electromotive 
force will necessarily be low. By increasing the number of turns, the 
induced force is increased proportionately. With a single loop, the cur- 



Fig. 7.35-Simple 
commutator 
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rent delivered will not be steady although always in the same direction. 
The variations in the current flow are due to the change in the induced 
electromotive force from the maximum to zero as the loop is revolved. If 
another loop is placed at right angles to that shown in Fig. 7.35, the 
current flow in this loop will be the maximum when it is zero in the other 
loop. As the two loops are revolved, the current flow in one increases as 
that in the other decreases, giving a less pulsating current in the external 
circuit. Fig. 7.36 shows graphically the difference between dre current 



j<- 1 Revolution •»* [«• 1 Revolution ->j 

Fig. 7.36— Graphic presentation of current in external circuit 


delivered by a single loop and that delivered by two loops at Tight angles 
to each other. By equally spacing a great number of coils, a continuous 
current output and high electromotive force are obtained. The coils 
when mounted on a soft iron core constitute the armature. A typical 
armature is shown in Fig. 7.37 . To obtain a more even flow of current, 
armatures have curved slots, as shown. 



Fig. 7,37— Curved slot armature 


The construction and operation of the generators used in motor 
vehicles will be discussed in detail in the next chapter on “Starting and 
Generating Systems.” 

Self Induction.— If a coil of wire is placed about a core of soft iron 
and current is sent through the coil, magnetic lines of force will be set up. 
If the circuit is broken by opening the switch A (Fig. 7.38), the current 
ceases to flow and the magnetic field will collapse. In collapsing, the lines 
of force cut the winding of the coil, inducing current in the coil. This is 
called self induction. Self induction is defined as “the cutting of a wire 
or coil by the lines of force set up by the current flowing through it.” 
Applying the right-hand rule, it will be seen that the direction of flow of 
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the induced current is the same as that of the flow of the interrupted 
current. When applying the right-hand rule, do not take the motion of 
the lines of force as the direction of motion, but take the equivalent 
motion of the conductor, 

The induced voltage will be much higher than that of the current 
which set up the magnetic field. When the switch is opened, this high 
induced voltage causes an arcing between the separating contacts. When 
self induction is present in an ignition system, the induced voltage is 
approximately soo volts, which is not sufficiently high to jump a fixed air 
gap of any appreciable size but will cause a following arc between sepa- 
rating points. 



When the circuit is made, the magnetic field in building up also cuts 
the winding. By applying the right-hand rule it will be seen that the 
induced current opposes the flow of the current setting up the field. This 
is termed counter electro-motive-force and its opposition to the increasing 
current in the coil causes the field to build up very slowly. 

Mutual Induction.— If two coils of wire are placed about an iron core 
and current is caused to flow through one of them (Fig. 7.39), a magnetic 
field will be built up about the core. The coil through which this cur- 
rent is caused to flow is known as the primary and the other coil is called 
the secondary. If the switch A is now suddenly opened, this magnetic 
field collapses and both windings are cut by lines of force. This causes 
currents to be induced in both the primary and secondary windings; that 
in the secondary is said to be mutually induced current. Mutual induc- 
tion is defined as the cutting of a wire by lines of force set up by current 
flowing through another wire or coil.” There is no electrical connection 
between the primary and secondary windings. By applying the right-hand 
rule it will be seen that the induced current in the secondary flows in the 
opposite direction to the inducing current in the primary when the pri- 
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mary circuit is made, and in the same direction when the primary circuit 
is broken. 

When the primary circuit is made, a counter emf results, which tends 
to oppose the building up of the field. The mutually induced current in 
the secondary sets up a field which tends to strengthen this counter emf, 
further retarding the building up of the magnetic field. 



Thus the current flowing in the primary has to overcome the counter 
emf due to the induced current. Hence the rate at which the field builds 
up is slow and the resulting voltage in die secondary will be correspond- 
ingly low. When the primary circuit is broken, however, there is no 
counter emf in the primary; the result is a sudden collapse of the field and 
a consequently high voltage is induced in the secondary. 

When high voltages are desired, they can be obtained by mutual in- 
duction, employing a much greater number of turns of wire in the sec- 
ondary winding than in the primary. The voltages in the primary and 
secondary windings vary directly as the number of turns of wire in each, 
while the current varies inversely as the number of turns of wire. For 
this reason, fine wire is used for the secondary windings and much heav- 
ier wire for the primary. 

Fig. 7.40 shows a simple vibrator which is used for making and break- 
ing a circuit. It consists of a coil wound about a soft iron core A; oppo- 
site one end of this core is placed a small piece of soft iron B (armature), 
attached to a spring C. An adjusting screw D is in contact with the spring 
when in its normal position. 

One side of the battery is grounded while the other is connected 
through the switch S to the coil; the other end of the coil is attached to 
the spring C, and the screw D is grounded. 

When the switch is closed, a magnetic field is set up, magnetizing the 
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core. This attracts the armature B, breaking the circuit at D. This causes 
the core to be demagnetized; and the spring C returns to its normal posi- 
tion, again closing the circuit. This operation will be repeated over and 
over as long as the switch S is closed. Thus the circuit is automatically 
made and broken. 



When the circuit is broken, the collapse of the magnetic field induces 
a current in the winding. The voltage of this self-induced current is 
sufficient to cause an arc to follow the separating points at D each time 
the current is broken. The arcing burns and pits the contact points, in- 
creasing the resistance of the circuit. To correct this, a condenser K is 
connected in parallel with the contact points, as shown in Fig. 7.40. When 
the circuit is broken, the flow of induced current passes into the con- 
denser, charging it. This reduces the arcing at the points, and also causes 
the magnetic field to collapse faster, thus raising the voltage of the self- 
induced current. 

A condenser is usually constructed of sheets of silver, tin, or lead foil, 
alternate sheets being connected to common terminals and separated 

from each other by some insulating 
material such as mica or specially 
treated paper (Fig. 7.41) . 

The capacity of a condenser de- 
pends upon the total area of the 
plates and the distance these plates 
are separated by the insulating ma- 
Fig. 7.41-Condenser terial. Condensers used in ignition 

systems must be of sufficient capac- 
ity. This is governed by the amount of self-induced current in the circuit. 

Induction Coil.— By combining mutual induction coils with a simple 
vibrator, a vibrating type of induction coil can be constructed. Fig. 7.42- 
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The primary of this induction coil serves both to operate the circuit 
breaker and to provide the magnetic field necessary for mutual induction. 
The voltage of the secondary coil will depend on the voltage of the 


Spark gap 



primary coil and the number of turns on the secondary and primary coils. 
This relationship is sometimes expressed as follows: 

Voltage of Secondary _No. of t urns of Secondary 
Voltage of Primary “No. of turns of Primary 

This type of induction coil was used in the past in automobiles for 
providing the high voltage necessary for spark ignition. 

Modern cars use a more reliable type of induction coil. Its principle 
of operation is exactly as just described, except that the primary circuit 
is made and broken by a mechanical device operated by the engine instead 
of by a magnetic interrupter. The construction and operation of such 
an induction coil will be described fully in Chapter ao under Ignition. 


QUESTIONS 

i. Describe how an electromotive force can be produced by chemical 

action. .. 

a. Explain the purpose of the grid in a lead storage cell. _ 

3. How can a positive plate be distinguished from a negative plate of a 

lead cell? , . . 115 

а . What is the purpose of the separator used in the cell? 

5. Give two reasons why the container of a lead cell is made of rubber or 

similar material. 

б . What' determines the amperage of a battery? 

7. Explain the meaning of “ampere-hours.’’ 

8 . Describe what happens in a lead cell when it is discharging. 
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9. Why docs the sulfuric acid solution in tire cell become more dense dur- 
ing the charging process? Explain. 

10. Explain how a hydrometer is used to measure the condition of a cell. 

n. Why does a hydrometer reading have to be corrected for temperature? 

12. Explain why distilled water has to be added to a cell periodically. 

13. How does lack of water affect a cell? 

14. Describe how a heavy ampere discharge tester measures the condition 
of a battery. 

15. Explain how magnetism and electricity are related. 

16. What three factors determine the value of the voltage produced by 
electro-magnetic induction? 

17. What energy changes take place in an electric generator? 

18. Explain why the current in the revolving coils of a generator is alter- 
nating. Use Fig. 7.34. 

ig. Describe how the commutator changes the alternating current in the 
coils into direct current for the external circuit. Use Fig. 7.35. 

20. What is the effect of adding more loops to the revolving coil? 

21. State three ways of increasing the voltage furnished by a generator. 

22. Explain how a voltage may be produced by self induction. 

23. Why is there a greater voltage in the secondary coil then in the pri- 
mary when the voltage is produced by mutual induction? 

24. Describe how the soft iron armature automatically opens and closes the 
circuit of a simple vibrator. Use Fig. 7.40. 

25. Explain how a vibrating induction coil furnishes a voltage sufficiently 
high for spark ignition. 


SUGGESTED PROJECTS 

1. A simple voltaic cell may be constructed by using such materials as salt 
water, vinegar, or citrus fruit juices as electrolytes. The electrodes may con- 
sist of any two dissimilar metals such as iron, copper, aluminum. 

2. A vibrating induction coil may be secured from an old car or junk yard. 
It is generally known at a Model "T" coil or a "hot” spark coil. Six volts on 
the primary coil will furnish a good spark in the secondary. 

g, The entire plate assembly of a discarded lead storage battery may be re- 
moved from the case if the pitch which acts as a seal is heated and taken out, 
The acid in the cells should be poured out and the plates washed thoroughly 
with water before being removed. 
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CHAPTER 19 

STARTING AND GENERATING SYSTEMS 

Automobile Electrical System.— Should the electrical system of a 
modern automobile be viewed first as a road map, it would be found to 
contain four main circuits or trunk roads and a great number of branch 
circuits, corresponding to secondary roads serving a particular com- 
munity. 

A bird’s-eye view will reveal these four main highways (Fig. 7.43) as 
being the generating circuit, the starting circuit, the ignition circuit, and 
the lighting circuit. Branches (not shown in Fig. 7.43) serve special-pur- 
pose lights, radio, gasoline gage, cigar lighter, heater, windshield wiper, 
defroster, or any one of several other accessory units. 

In this chapter the starting and generating systems will be examined. 
The remaining parts of the electrical system will be covered in the next 
chapter. 

Starting System.— The Starting circuit begins at the battery positive 
terminal and is completed after passing through the starter cable, so- 
lenoid switch, through the starting motor and back to the negative battery 
terminal through the frame of the car. See Fig. 7.43. 

The starting motor is supplied with its current through heavy No. 1 
or No. 0 gage cable because it draws a current of between 75 and 350 
amp, tire higher current being used in colder weather and to turn over 
the larger engines. As explained previously, starting motors are series 
wound to produce maximum turning effect, and have four poles. It is 
important to have starting cables of ample size because, at die same time 
this heavy current is being supplied to the starting motor, it also is being 
supplied through the same cable to the ignition system to produce the 
spark at the spark plugs to get the engine running. If the starter cable 
were too small, it would not carry enough current to do both jobs. The 
longer the cable, the larger must be its diameter— to cut down excessive 
voltage drop. When the starting motor is turning die engine over, about 
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Fig, 7. 43— Four main circuits of automobile electrical system 
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5 volts are available at the battery— and 4 of these are needed for the 
starter. 

As can be seen from the wiring diagram, the current used in the start- 
ing motor is not shown on the ammeter. This is because the starter is 
used so little that indications of the current that it uses would have little 
practical value. For this reason, ammeters with which passenger cars are 
equipped record only up to 30 or 35 amp— far less than the amperage 
used by the starting motor. 

Two types of starting-motor drives are in common use: (1) the Bendix 
drive and (2) the overrunning clutch. 


The Bendix Drive. — The collar next to the armature winding (Fig. 
*7.44) is fixed rigidly to the shaft with a bolt. The other parts of the Ben- 
dix drive are free from the shaft and collar excepting for their connection 
through the spring. The spring is attached to this collar and also to the 
spiral-threaded sleeve carrying the pinion. This sleeve is not connected 
directly to the shaft of the starting motor but only uses it as a bearing. 
The pinion has a female thread inside, which fits on the spiral thread of 
the sleeve. 

When current is first passed into the starting motor, the armature 
immediately starts to Tevolve at full speed. This turning effect is trans- 
mitted through the collar and spring to the threaded sleeve. The pinion, 
because of its inertia of rest and its unbalanced weight (lower right on 
pinion in Fig. 7.44), turns very little but is moved outward by the spiral 
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Fig. 7.44— Bendix drive 

thread until it engages with the teedi of the flywheel. A slight turning 
effect is given to the pinion as it moves out, so that its teeth do not travel 
in a straight line. This slight turning reduces the possibility of the teeth 
not meshing properly with those on the flywheel. When the pinion has 
traveled to the end of the thread it strikes the collar at the left and is 
forced to turn with the threaded sleeve, thus causing the flywheel and 
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crankshaft to turn and crank the engine. The shock of the start is relieved 
by the spring connection between the armature shaft and the threaded 
sleeve. 

After the engine starts, it turns the pinion much faster than does the 
starting motor, and would ruin the latter if the starter pinion and fly- 



Fig. 7.45— Overrunning clutch drive 


wheel gear remained in mesh. These gears are automatically disengaged, 
however. See starter ring gear, Fig. 4.8, page 136. 

Disengagement takes place because, at the time the engine actually 
starts, the pinion is being turned by the engine much faster than when 
rotated by the starting motor. As a result, when the starter button is re- 
leased by the car-operator, the pinion screws back on the spiral-threaded 
sleeve, out of mesh with the flywheel gear— thus protecting the starting 
motor. 

The Overrunning Clutch Drive.— Fig. 7.45 shows a starting motor 
with mechanical gear shift and overrunning clutch drive to the flywheel 
of the engine. 

As the starting pedal is pushed down, the drive sheaf is pushed back- 
ward on a spline lit on the armature shaft and, if the pinion gear teeth on 
the drive align with the gear spaces on the flywheel, the pinion will mesh 
fully with the flywheel before the starting switch is closed. If the pinion 
does not mesh, it will press against the spring as the drive pushes it; and, 
as soon as the starting switch is closed, the pinion will turn and the pres- 
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sure of the spring against the clutch and pinion will force the pinion in 
mesh with the flywheel when the teeth do align. 

As soon as the engine starts, the overrunning clutch comes into action. • 
This unit is so constructed that, as the starting motor turns, the pinion 
is driven positively through the overrunning clutch. But, as soon as the 
engine starts, the pinion turns so much faster than the starting motor that 
it would ruin the starting motor were it not for the action of the over- 
running clutch, which allows the pinion with its increased speed to slip 
backward in the overrunning clutch unit. As soon as the starting pedal 
is released, the shifter lever releases the pinion from the flywheel gear. 

Solenoid Shift. — In modem cars an electro-magnet operates the shift- 
ing mechanism that is used with the overrunning clutch drive. This type 
of electro-magnet is called a solenoid because it has a movable core. When 



Fig. 7.46A— Push-button control of solenoid shift starting 
motor drive 
(Array Manual TMio-g8o) 


current is sent through the solenoid coil, it attracts its core— called a shift 
plunger in Fig. 7.4.6A— which operates the shift lever. See Fig. 7.45. 

The solenoid shift unit is mounted solidly on the frame of the starting 
motor (Fig. 7.46A) and is operated by one type or another of remote coh- 
trol switch. The movement of the shift plunger also operates the contact* 
disc which completes the circuit between the starting motor and the bat- 
tery. 

Remote-Starting-Motor Controls.— Four types of remote-starting- 
motor control are used on modern passenger cars: 
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1 . Solenoid magnetic switch 
3. Solenoid switch with relay 

3. Vacuum switch with solenoid relay control 

4, Coincidental starter switch 

Solenoid Magnetic Switch. — After the ignition switch is turned on 
and the circuit closed through the starter pushbutton switch, current 
passes from the battery (Fig. 7.46B) through the heavy battery cable to the 
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Fig. 7.46B— Solenoid magnetic switch 
(Army Manual TM 10-580) 


terminal on the magnetic switch. At this point the current divides, some 
going through the wiring through the ammeter, the ignition switch, and 
the starter pushbutton switch to a terminal on the magnetic switch— and 
thence through a coil winding in the switch to ground. The remainder 
of the current passes through the other coil in the solenoid to ground. 
This latter current energizes the contact plunger, enabling it to complete 
the circuit across the starting motor terminals and allows the current to 
pass from the battery cable to the starting-motor field coils and brushes. 
This passage of current turns the starting motor and causes the starter 
pinion to engage with the flywheel gear. When the plunger contacts the 
two terminals, the current passing through the wire of the larger coil is 
reduced to almost nothing, but the current through the other coil is suffi- 
cient to hold the starter gears in mesh, giving all the current to the start- 
ing motor necessary to perform its function. In this type of starter control, 
the starter pushbutton should be released as soon as the engine starts, 
since this type of switch is used in conjunction with the Bendix drive. 

Solenoid Switch with Relays — This type of switch uses a relay so con- 
trol a solenoid shift as shown in Fig. 7.46A. 

In Fig. 7.47 it is seen that, when the ignition and starter switches are 
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closed, current from the battery energizes the relay coil so that it attracts 
its armature and thus permits current to flow across the contact points 
from the battery through the two solenoid coils. Both solenoid coils at- 
tract the shift plunger which operates the shifting mechanism, as pre- 
viously described. The contact disc completes the circuit from the battery 
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Eig. 7.47— Solenoid switch with relay 


to the starting motor when the plunger forces it against the terminals, and 
also shorts out the series coil leaving the shunt coil with sufficient strength 
to hold the plunger in position. 

The current passing through, the relay is grounded in one of two 
places. If it is grounded directly to the starter frame, the starter push- 
button should be immediately released when the engine starts, as the 
starting motor will continue to turn as long as the starter pushbutton is 
in. When the current is grounded through the upper generator cut-out 
points, this circuit is opened when the generator speed is supplying 
enough current to close the cut-out points, thereby rendering the starter 
solenoid inoperative as long as the engine is running, and the generator 
is charging enough to keep the cut-out points closed. 

Vacuum Switch with Relay and Solenoid Control.— This combina- 
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tion operates in similar manner to the solenoid with relay. It provides, 
however, an automatic opening of the solenoid circuit to stop the starting 
motor as soon as the engine begins to run. This is in addition to the 
automatic release provided with the relay by opening its circuit through 
the operation of the generator cut-out points (Fig. 748). 



Fig. 7.48— Vacuum switch with relay and solenoid control 


The vacuum switch operating lever is attached to the accelerator 
pedal, and when the pedal is depressed the rotary vacuum switch con- 
tacts are closed. This closing allows current to pass through the solenoid 
relay, thereby completing the circuit which engages the starter gears. As 
soon as the engine starts, the intake vacuum acts on the vacuum switch 
diaphragm, drawing the rotary switch away from the contact plate which 
opens the solenoid switch circuit. Opening this circuit allows the starting 
motor to stop and the starter pinion to be released from the flywheel gear. 



Fig. 7.49— Coincidental starter switch 
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This action allows the accelerator to be used then only as such so long 
as the engine is running. When the engine is stalled or stopped, the 
vacuum is no longer present in the vacuum switch, and depression of the 
accelerator pedal again will allow the rotary arm in the vacuum switch 
to complete the circuit through the starter solenoid. 

Coincidental Starter Switch.— (Fig. 7.49.) As the clutch pedal is 
depressed, the operating lever, attached to the clutch, turns counter clock- 
wise and pulls the switch lever roller arm, which is pivoted near its center. 
The roller pushes the switch blade so that the blade makes contact at the 
starting-motor terminal, completing the circuit from the battery to the 
starter, and the starter gears are engaged. As soon as the engine starts, 
the vacuum from the intake manifold pulls up the diaphragm in the 
vacuum unit which raises the switch lever so that further contact with the 
operating cam is impossible as long as vacuum is provided by the running 
engine of the motor vehicle. 0 

The Generating System. — The generator circuit starts in the gen 
erator ancl runs through its controls to the battery, as shown on Fig. 7.43 



Fig- 7 - 5 ° Typical shunt-wound generator, showing fan and air flow 


Fig. 7.50 shows a typical automobile generator. As previously shown 
in the chapter on Electromotive Force, its function is to provide the emf 
for sending current into the battery and, in conjunction with the battery, 
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for supplying the electrical energy for the spark that ignites the fuel; to 
operate the self starter, the lighting system, and other electrical devices 
in the motor vehicle. It receives its mechanical energy from the engine 
to which it is connected by means of a belt, chain, or gears. 

Air is circulated through the generator housing to keep the generator 
cool. Principles of a simple armature and commutator were described 
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Fig. 7.51— Simple two-pole shunt-wound generator 
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in the chapter on Electromotive Force. Actually, as used in motor-vehicle 
generators, the commutator is made up of copper segments, attached to 
each end of a coil or loop. The commutator bars are insulated from each 
other by inserts of mica or other suitable material. 

In order to set up a strong magnetic field between the pole pieces, the 
field magnets of generators and motors are electro-magnets. Part of the 
current generated in the armature is sent through shunt windings which 
consist of coils of wire on the pole pieces. Of course, no current would be 
generated in the armature -at starting if there were not some magnetic 
field existing between the pole pieces. The soft iron pole pieces retain 
sufficient “residual" magnetism to set up a weak field, which in turn gen- 
erates a weak current as the armature starts to turn in the field. This 
current flows through the field windings on the pole pieces, increasing 
the magnetic field, which in turn increases the generated current. In this 
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way the machine “builds up” until the current output has reached its 
normal operating condition. 

Although a shunt winding is usually used on the pole pieces of motor- 
vehicle generators as indicated above, series and compound windings 
could be used and were used in the past. 

Fig. 7.51 is a diagram of a simple two-pole generator in which a shunt 
winding is used, one end of the shunt branching off at the positive main 
brush, passing around the pole pieces and returning to the negative main 
brush. Only about 10% of the generated current passes through the shunt 
winding, as the winding is a very fine wire. Enough current is carried, 
however, to build up the magnetic field between the pole pieces. Most of 
the current passes from the main positive brush through the generator 
system to the battery and other electric units, and returns through the 
ground to the negative main brush. 

A generator such as the one just described would generate more cur- 
rent than the electrical system of the car could stand as the speed of 
the engine increased since, the faster the armature windings cut the 
magnetic field, the more current is generated. To protect the battery 
from overcharging and the lights from burning out, one of the following 
combinations of devices for regulating the output of the generator is used 
on the present-day generator systems: 

1. Third-brush regulation of current output 

2 . Third brush in combination with vibraling voltage regulator 

3. Vibrating current regulator 

4. Vibrating voltage and current regulator 

Before describing the details of these regulators, however, another 
device known as the generator cut-out, or cut-out relay, common to all 
generators, will be discussed. 

Generator Cut-out. — The purpose of the cut-out is to protect the 
battery against discharge through the generator by disconnecting the 
battery from the generator when the engine is idling slowly or not run- 
ning at all. Fig. 7.5a shows the path of current from the generator 
through the cut-out to the ammeter and battery and return through 
ground to the generator. The action is as follows: When the engine is 
started and the generator output begins to build up, the cut-out contacts 
are open; the current passing through the shunt coil on the cut-out is 
grounded at the end of the shunt coil winding, which is made of finer 
wire than the other coil of the cut-out. The heavier coil is connected in 



312 UNIT SEVEN-ELECTRICAL SYSTEM 

series with the cut-out contact points. When these points are closed, this 
series coil carries the current to the battery. 

As the generator speed increases, the output becomes greater and, 
when the generator is delivering between 6.3 and 7.5 volts (4 to 12 mph 
of the car), the magnetic pull of the core of the cut-out coils is great 



Fig. 7.52— Circuit diagram of generator cut-out 
(Array Manual TM10-580) 

enough to close the contact points by pulling down the armature against 
the pull of the spring. This allows practically all of the current output 
of the generator to flow through the heavy cut-out series winding and on 
to the battery, to keep the battery in a charged condition, and to supple- 
ment the battery in supplying current for electrical needs of the system. 
The slight amount of current that now passes to ground in the cut-out 
shunt coil winding is sufficient to hold the contact points closed as long 
as the generator voltage is above a predetermined value. 

When the engine speed falls below this set value, the battery voltage 
is higher than the voltage output of the generator, and the reverse current 
in the series winding of the cut-out from the battery, aided by the reduc- 
tion in current from the generator, collapses the magnetic pull of the 
cut-out core. Under these conditions, the armature spring separates the 
contact points, thereby opening the circuit from the battery, so that the 
battery will not discharge through the generator. 

The cut-out is either in its own apparatus box or in the same appa- 
ratus box with the vibrating regulator of output of the generator. As 
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will be noted, knowledge o£ the cut-out is needed for an understanding of 
each of the four commonly used methods of regulation of generator out- 
put which follow. 

1. Third-Brush Regulation of Current Output. — The third-brush 
system of control, while extremely simple in mechanical construction, is 
somewhat obscure in its electrical operation. This is due to the complex 
internal charactersjic of the generator known as "armature reaction” 
which is fundamentally involved in the performance of the system. 

To render the following description of the third-brush system as clear 
as possible, the elementary theory of the electrical generator, and especi- 
ally the subject of armature reaction, will be reviewed briefly before ex- 
planation of the third-brush system proper is taken up in detail. 

The strength of a generated electromotive force depends primarily 
upon three factors: the strength of the magnetic field, the number of 
turns of wire on the armature, and the speed of the mechanical force 
turning the armature. The voltage of electricity generated is always pro- 
portional to the product of these three factors. 



Obviously, then, if any one of these factors is increased or decreased, a 
corresponding increase or decrease will be produced in the generated 
voltage. On the other hand, if one of these factors is increased by any 
given amount, die voltage can still be kept at a constant value by decreas- 
ing one of the remaining factors by a proportional amount. This prin- 
ciple is employed in the third-brush control generator, the function of 
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which, as previously explained, is to prevent battery overcharging and 
overloading of the electrical system. 

Since the number o£ conductors on the armature cannot be changed 
while the machine is in operation, the strength of the field must be 
changed to compensate for increases in speed. 

The governing feature of the third-brush control is armature reaction, 
which is the name given to the effect produced upon the lines of mag- 
netic force in the main generator field by the cross magnetizing force set 
up by the magnetic whirls which form around the wires of the armature 
coils when current is flowing through them. 

With the main magnetic field established at full strength by the proper 
exciting current flowing through the field coils, the lines of magnetic 
force produced will leave the north pole-piece, cross the first air gap, go 
on through the armature, cross the second air gap, enter the south 
pole-piece, and return to the starting point in the north pole-piece 
through the frame of the generator. If no current is flowing through the 
armature, the residual lines of force will pass in a straight line from the 
north pole-piece directly to the south pole-piece. The moment that the 
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current begins to flow through the armature coils, as the armature starts 
to rotate, a secondary magnetic flux is set up in the armature core in the 
form of magnetic whirls around each wire in the coils, and this “armature 
flux” will have a marked effect upon the main magnetic field accor ding 
to the relative strength of the two component fields (Fig. 7.53). 

The armature flux is made up of two components, one acting in dir ect 
opposition to the main field flux and tending to neutralize it. The other 
component is at right angles to the main field flux and is of the utmost 
importance in bringing about the desired control of the generator output. 
It combines with the main field flux to produce a resulting field in which 
the actual direction of the lines of force is proportional to the two forces. 

By referring to Fig. 7.54^ it will be seen that, while the speed of the 
generator is slow, the main magnetic field lines of force travel straight 
from the lower north pole-piece to the south pole-piece. As the speed is 
increased as shown in Fig. 7.54 B, the armature flux, consisting of all the 
magnetic whirls around the wires of the coils, begins to distort the main 
magnetic field. Referring back to Fig. 7.53, the main flux is indicated by 
dotted lines and the armature flux, by circular arrows. In Fig. 7.54 C, 
the armature is turning at a still faster rate. The main field strength has 
been weakened in the following manner: the armature reaction has in- 
creased somewhat because of the increased armature current. The arma- 
ture flux— being, therefore, stronger— is distorting the main field more 
toward the right part of the north pole-piece and toward the left part of 
the south pole-piece. This is because the direction of the individual and 
accumulated whirls of lines of force around the armature windings tends 
to push over and distort the flow of the main field lines of force leaving 
the right part of the north pole-piece. In the same manner, the lines of 
force which leave the right part of the north pole are made to enter the 
left part of the south pole. 

It will be seen, then, that the armature coils will cut less lines of force 
between the main negative brush and the third brush at the top than are 
shown in A or B. This results in a lower field current and voltage, and 
also in a weaker main magnetic field. This is offset, however, by the in- 
creased speed. Therefore the voltage between the main brushes is of the 
same value at C as in B. 

At D of the figure are shown the generator conditions when operating 
at 3500 rpm. At this speed, the voltage across the shunt field winding 
has dropped to 4 volts, because of the very decided distortion of the lines 
of force of the magnetic field. This materially reduces the field strength 
which, in turn, reduces the number of lines of force flowing between the 
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poles. This reduction in the field strength has been proportionately 
greater than the increase in the armature speed. Therefore, the voltage 
across the main brushes has been decreased and, consequently, the charg- 
ing rate has been reduced. 

As the speed increases above this point, the' armature reaction will 
cause a greater distortion of the lines of force in the magnetic field and 
the voltage between the negative brush and the third brush will materi- 
ally decrease, thereby reducing the field strength, which will diminish 
the voltage between the main brushes, which in turn will diminish the 
generator output. 

From the foregoing explanation it will be seen that the output of a 
generator equipped with a third-brush control will increase from zero to 
the maximum, then taper off as the speed increases. As the machine 
operates practically as a straight shunt-wound generator until it reaches 
its peak of output, the rise in output will be very rapid. The amount that 
the output drops off after it reaches its peak will depend upon the con- 
struction of the generator, each individual machine having a different 
armature reaction. Another virtue of this type of generator is that chang- 
ing the location of the third brush will change its output characteristics. 
Moving the third brush in either direction will cause it to bear a different 
relationship to the armature reaction and therefore the voltage between 
the third brush and the negative brush will be changed, thus changing 
the field strength and consequently the output. These characteristics are 
attained, however, only when the battery is in the circuit. Any break in 
the circuit is liable to allow the voltage to rise, resulting in damage to 
the electrical system. 

The purpose of the diagrams in Fig. 7.54 is not to show the exact 
numerical values of the voltage, the current, and the magnetic flux that 
would exist in any particular generator under practical operating condi- 
tions, but to point out the general interrelationship among several factors 
which affect the control of the generator output when third-brush control 
is used.- 

2. Third Brush in Combination with Vibrating Voltage Regulator. 
— The vibrating voltage regulator is used in conjunction with the third- 
brush system. With the third-brush system alone, the voltage and current 
output of the generator will increase as the battery becomes fully charged. 
Of course, the current output will not exceed the limit set by the third 
brush, but the voltage may rise as high as 8 or more volts. By addition of 
a voltage regulator, the charging rate can be varied according to the 
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amount o£ charge in the battery, and held to a top voltage o£ about 7.2 
to 8 volts. When the battery is low, the current output is high, not exceed- 
ing the limit set by the third brush and, when the battery approaches full 
charge, the current passing into the battery is of low amount. This affords 
better protection to the battery. The third brush is not adjustable when 
used in conjunction with a vibrating voltage regulator, thus the current 
output is limited by the position of the third brush. 

Following is a description of the passage of current from a third-brush 
generator with cut-out relay and vibrating voltage regulator. Note Fig. 
7.55. The current passes from the positive main brush through the cut- 



Fig- 7-55— Third brush in combination with vibrating voltage regulator 


out relay, as already explained, to the ammeter. T From the ammeter the 
current divides and goes into three branches: one branch leads to the 
lights and other electric appliances (not shown); a second branch runs to 
the battery, thereby keeping the battery in a charged condition and is 
grounded through the frame of the car back to the negative main brush 
of the generator; the thud branch runs to one side of the ignition switch. 
When the ignition switch is turned on, the current passes from die battery 
and the generator through the ignition system and also passes through a 
coil of many turns of fine wire around an iron core in the voltage regu- 
lator where the circuit is grounded. 

A spring holds the contact points of the voltage regulator closed until 
the battery is charged to a predetermined voltage. As the battery ap- 
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proaches this voltage, the current acts through the fine voltage winding 
of the regulator to magnetize the core sufficiently to draw down the arma- 
ture against the tension of the spring, thus opening the contact points. 

The other winding in the regulator is of a few turns of heavy wire. 
When the contact points are closed, the entire current from the third 
brush passes through the field windings of the generator and is grounded 
after passing through the regulator points and the armature. This current 
assists the other regulator winding in opening the contact points. 

When the contact points are opened, the current from the generator 
field circuit then passes through the resistance shown in Fig. 7.55 to 
ground. This resistance in the circuit will naturally weaken the generator 
main field and therefore the generator output to the battery. This lower 
output will demagnetize the regulator cores so that the spring will close 
the contact points, and the same operations will repeat as often as the 
battery reaches the predetermined voltage. 

A bimetallic hinge is usually employed on the regulator armature so 
that more voltage will be required to open the contact points in cold 
weather than in hot because, in cold weather, higher voltage is necessary 
to charge the battery than in hot weather. 

3. Vibrating Current Regulator. — In recent years, the vibrating cur- 
rent regulator has come to be used frequently in the place of the third- 
brush type of regulation. When this is the case, the generator has but two 
main brushes as shown in Fig. 7.56. 

To Ignition Switch 



It will be noted that, although the current through the voltage regu- 
lator passes through the coil to ground, the windings of the current regula- 
tor are in series with the current passing to the battery at all times. T his 
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means that the contact points will vibrate continuously, thus keeping the 
current flowing at a constant value regardless of engine speed. 

After the current leaves the positive main brush and passes through 
the cut-out, it then passes through the two windings on the current regu- 
lator, through the ammeter to the battery. As the current builds up to 
the maximum output, limited by the setting of the regulator, the cores 
are magnetized and attract the regulator armature down, separating the 
contact points. The current passing from the positive main brush through 



the generator field windings is therefore weakened, because the current 
through tire field windings now passes through the resistance, which re- 
duces the current through the field windings. This in turn weakens the 
main magnetic field, which decreases the amount of current generated 
through the current regulator to the battery. 

As soon as the current through the windings of the regulator drops 
in voltage, the regulator cores lose enough magnetism to allow the spring 
to pull up the armature and close the points, thereby cutting out the 
resistance which again allows the generator field to build up. Continuous 
opening and closing of the contact points in this manner keeps a constant 
value of current passing into the battery. All grounds return through 
the frame of the car to the negative main brush to complete the circuits. 

4. Vibrating Voltage and Current Regulator. — The current and 
voltage regulators are built in the same apparatus box with the cut-out 
relay, and this unit is used with a two-brush generator. This is the 
method of regulation most commonly used in modern passenger cars. 

With this combination, the current regulator keeps the current output 
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from exceeding a predetermined amount and works independently of the 
voltage regulator, thus preventing the battery from receiving current at 
a rate exceeding the predetermined value. By comparing Fig. 7. 57 with 
Figs. 7.55 and 7.56, the relationship between the regulators when used 
separately and together will be seen. 

Not under any conditions will the generated voltage exceed about 7.3 
to 8 volts. Not under any condition will the amperage output exceed 20 
to 36 amp, the number depending on the generator used. Most modern 
passenger-car systems are set for 37 to 36 amp. The only condition which 
would be an exception to the above for a regulator in good condition 
would be when the armature spring tension became too strong and 
thereby kept the contact points closed until a higher current or voltage 
value was built up to overcome the higher spring tension and open the 
points. This spring tension is adjustable to manufacturer’s specifications. 

If the battery voltage is low, the voltage regulator points remain 
closed, and the current from the generator will be sufficient to charge 
the battery and supply current for the ignition, radio, lights, or other 
connected load, but will not exceed the amount set by the current regu- 
lator. As the battery becomes charged, the current regulator will allow 
less current to pass into the battery, but enough for the connected load. 
The voltage regulator will begin to operate at the predetermined voltage 
of about 7.8 to 8 volts. In this way the battery will be properly charged- 
high amperage to low battery, low amperage to high battery— and the 
lights will be protected so they will not burn out. This type of regulator 
is sometimes called a wattage regulator (Volts X Amperes = Watts). 

Servicing the Starter and Generator Systems. — The units of the 
starter system requiring service are the motor, the drive-gear assembly, 
the starter controls (such as the solenoid and vacuum switches), and the 
battery cables. (See Fig. 7.43). 

Loss in voltage between the battery and the starting motor- should 
be kept at a minimum. To insure this condition, cable connections 
should be tested while the starter is turning the engine over. A low-volt- 
age voltmeter should be used. If the voltage drop between terminals is 
over o.r or 0.2 volt, all connections should be cleaned and tightened or 
cables should be replaced. A little light grease placed on the terminals 
of the battery will prevent corrosion. Minimum voltage drop is necessary 
to permit the starter to receive the needed current, since the starter draws 
more current than any other device on the car. 

Troubles likely to occur in the starting motor are similar to those com- 
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mon in the generator. Dirty or worn, brushes and commutator bars will 
tend to slow down the motor and make it spark at the brushes; the action 
of the motor, under these circumstances, will be Almost the same as if 
the battery were weak. To remedy this condition, the brushes must be 
sandpapered or renewed and the commutator bars sandpapered. If the 
commutator bars are rough and burned, they should be turned down and 
the mica insulation between them undercut, provided this latter action 
is recommended by the car manufacturer. Tests for short or open circuits 
in the held coil, armature, and commutator will be described in connec- 
tion with the generator circuit. Insulated brushes must not be grounded 
and all parts should be cleaned in gasoline and inspected before re- 
assembling. 

If the starting motor turns over, but the starter pinion does not engage 
with the flywheel gear, the starter should be removed and the starter drive 
assembly examined to see if either a spring or a spring’s holding screws 
are broken. The pinion assembly should slide freely on the screw thread 
and on the armature shaft, and the shaft should be straight. Linkage 
between the solenoid plunger and the pinion assembly should be set to 
factory specifications. If the overrunning clutch is slipping, it should 
be replaced. 

If the pinion does not release from the flywheel, battered gears should 
be suspected. If examination shows the gears to be meshing too deeply, 
they should be adjusted by moving the starter slightly for proper align- 
ment. It is important that starter shaft bearings and bushing be kept 
in good condition and that neither too much end play nor too much side 
play exist. 

Constant reference to manufacturer’s specifications is desirable when 
starter control troubles are being remedied. In general, all electric con- 
tacts should be tight and points of the solenoid should be kept clean with 
a fine-cut file. Piston drive linkage should be set to give proper clearance. 
All other starter linkage should be kept in adjustment to factory speci- 
fications. Where vacuum control is used, all tubing connections must 
be kept tight to prevent loss of vacuum. 

Troubles in the generator system can be isolated in the generator 
itself, or in the regulators, or in the cut-out, or in the wiring between 
them and through the ammeter to the battery. 

If the indicator on the instrument panel shows that current is not 
passing from the generator to the battery, the voltage and current regu- 
lator should be cut out and tested with a voltmeter and ammeter, accord- 
ing to manufacturer’s specifications. In this way it can be determined 
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whether the regulators are at fault or whether the generator is not charg- 
ing. If the tests show the trouble to be in the regulators, the contact-point 
adjustment should be checked and cleaned with a fine-cut file. (Sand- 
paper should not be used as it may cause a short circuit.) The armature 
spring tension should be increased or decreased to specifications and the 
armature air gap set to the proper clearance. If these adjustments do not 
correct the trouble, it is best to replace the faulty regulator with a new 
one. These regulators give very little trouble as a rule, and filing the 
points for better contact will usually put them in good order, as the points 
receive the most wear. 

If the tests show that the generator is not charging, the commutator 
bars should be cleaned with sandpaper while the engine is idling. 

If the generator does not charge after this, it is necessary to remove 
the unit and put it through the following tests: (1) Take the generator 
apart and clean all the parts in gasoline, (a) With ail o-volt lamp and 
test prods, test for short circuits between the insulated brushes and 
ground. (3) Test the field windings for continuous circuit and for 
grounds, and replace if found defective. (4) Test for broken wires. (5) 
Test the armature and commutator bars for short or open circuits. 

In testing for short circuits, the armature should be put in a special 
tester called a “growler” which is made for the purpose. When making 
this last test, it is important that the space between the commutator bars 
be clean; otherwise, a short circuit might be caused. If defective, the 
armature should be replaced. If the commutator bars are rough and 
dirty, it is best to turn them down on a small lathe, after which the mica 
insulation between the bars should be undercut so that the bars will not 
interfere with the brushes when the generator is running. Dirty and 
noisy generator brushes, if not worn excessively, may be cleaned and 
trued with the commutator bars by means of sandpaper. Emery cloth is 
not suitable for this purpose as it will short-circuit the bars. 

Mechanical trouble in the generator frequently turns out to be in 
the bearings on the armature shaft. These bearings should be oiled with 
a little light oil every 1000 miles, and replaced if worn out. The pole 
pieces should be screwed tightly to the housing, and the drive pulley 
should be tight on the armature shaft. 

A generator using only third-brush regulation will charge more than 
the required amperage if the brush is set too far in the direction of rota- 
tion of the armature. If the generator is not charging at all or very little, 
the brush should be pushed in the direction of armature rotation. If 
this does not increase the charging rate, the trouble probably is dirty 
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brushes, a dirty or rough commutator, or internal trouble which should 
be checked as just mentioned, by taking the generator apart. 

When voltage and current regulators or only voltage regulators are 
used, the generator should show a low charging rate when the battery is 
fully charged. A high charging rate under these conditions indicates 
trouble somewhere within the regulator or generator field. If the battery 
is low and the charging rate is low, a loose connection somewhere in the 
general wiring system as far as the battery might be indicated. Such a 
loose connection might also cause burned-out bulbs or flickering lights. 

A loose fan belt or weak generator brush springs will decrease the 
charging rate, since the belt will not turn the generator fast enough and 
the brush springs will not hold the brushes tight enough against the com- 
mutator to conduct the full amount of generated current. 

In general, the troubles in the electrical system that are the most 
likely to happen are the simplest to repair. These common troubles in- 
clude dirty or rough regulator points, a dirty commutator, and dirty or . 
worn brushes. 

QUESTIONS 

I. Explain why the cables connecting the starting motor with the battery 
have to be of No. 1 or No. o gage. 

2 - Why does the pinion travel outward when the armature of a Bendix 
drive starts to turn? 

3. How is the possibility of the teeth of the Bendix-drive pinion not mesh- 
ing properly with the teeth of the flywheel reduced? 

4. What is the function of the spring in die Bendix drive? 

5. Describe the action of the pinion on the spiral-threaded sleeve when 
the engine starts. 

6. Explain why it is important that the operator release the starter button 
as soon as the engine starts. 

y. Show by comparison how the overrunning clutch drive differs from the 
Bendix drive. 

8. Explain how a solenoid magnetic switch differs from an ordinary starter 
switch. 

9. What are the advantages of controlling a solenoid switch with a relay? 

10. What type of drive is used in conjunction with a solenoid switch that 

has a relay control? Explain. 

II. Explain how the vacuum switch with relay and solenoid control pre- 
vents the starting motor from turning when the engine is running. 

is. Account for the operation of a starting motor equipped with a coinci- 
dental starter switch, when the clutch pedal is depressed. 

13. What is the function of a car’s generator? 

14. By what means are generators connected to engines? 

15. Draw a diagram of a simple two-pole shunt-wound generator. 
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16. Explain why the electrical output of a car’s generator has to be con- 
trolled, 

17. Why is a generator equipped with a cut-out relay? 

18. Draw a diagram of a simple generator cut-out. 

19. Explain why the shunt coil closes the contact points when the generator 
reaches a certain voltage. 

20. How does the battery current aid in opening the contact points? 

21. Briefly explain how a third brush limits the output of that type of gen- 
erator, 

22. What happens to the field strength of a generator equipped with a 
vibrating voltage regulator when the voltage output exceeds a set maximum? 
Explain. 

23. How does a reduction of the field strength of a generator affect its out- 
put voltage? 

24. Explain how a vibrating current regulator introduces a resistance in the 
generator field circuit when the current output is too high? 

25. Why is a shunt-wound generator used in conjunction with a vibrating 
current regulator? 


SUGGESTED PROJECTS 

1. Generator cut-out relays usually are discarded when they are defective 
because they are sealed units. Discarded cut-out relays often can be secured 
from the junk piles of service stations. The sealed top can be removed after 
cutting the sides with a hack saw. 

2. If a starting motor unit is available, its high current requirements may 
be demonstrated by comparing its operation on 6 volts obtained from dry cells 
with its operation on a 6-volt storage battery. 

3. A generator may be mounted so that it will be turned by an electric 
motor by means of a V belt. If the generator is connected to a storage battery 
through a set of generator controls, an ammeter, and a voltmeter, the action 
of the generator and controls may be easily demonstrated. 

4. A ring gear may be fitted to a wooden flywheel and then fastened to a 
crankshaft that is mounted so that it will rotate. A starting motor, connected 
to a storage battery, and mounted so Lhat the pinion teeth mesh accurately 
with those of the ring gear, will turn the flywheel. The use of only one or 
two cells of the battery will prevent the motor from turning too rapidly. 
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CHAPTER 20 

IGNITION, LIGHTING, AND ELECTRICAL ACCESSORIES 

Ignition System— The ignition system is that part of the electrical 
system which carries the electrical current to the spark plug which pro- 
duces the spark necessary to ignite the fuel as it enters the combustion 
chamber. 

Many means are employed to produce the necessarily high voltage re- 
quired to jump a set gap, all of which are based on the principle of mu- 
tual electro-magnetic induction. Ignition systems are classified under two 
general headings: (1) battery ignition systems and (a) magneto ignition 
systems. Battery ignition systems, universally used on passenger cars and 
light trucks, employ a coil to obtain the necessary voltage, receiving the 
current for the primary circuit from the storage battery, (See Fig. 7.58.) 

Battery Ignition.-In Fig. 7.59 is shown a typical battery ignition 
system for a six-cylinder engine. As explained previously, each of the 
four strokes of the piston performs a particular function. The power 
stroke is the one that keeps the engine running, because during that 
stroke the pressure caused by expansion of the burning gases drives the 
piston downward and causes the crankshaft to turn. It is a spark that 
jumps across the spark-plug gap which ignites the compressed mixture 
that causes the power stroke. 

The primary ignition circuit starts at the battery and passes through 
the amm eter, the ignition switch, the heavy or "primary” winding about 
the soft-iron laminated core of the coil, through the ignition points to 
ground. One end of the condenser is attached to the primary circuit and 
the other end is grounded. Inside the condenser are many sheets of tin 
foil connected to each terminal, and each sheet is insulated from the next 
by waxed paper. 

The secondary coil winding is not connected electrically to the pri- 
mary. It starts from ground in the coil, runs through about 18,000 turns 
of fine wire, and then passes through a heavily insulated wire into the 
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Each time a cam passes by the rubbing block of the insulated ignition 
point, it separates the points, thus breaking the primary circuit. The 
distributor shaft is so meshed with the camshaft that, near the upper end 
of each compression stroke of the pistons, the lobes of the distributor 
shaft will open the points. As explained previously, it is necessary that a 
particular cam open the points for the power stroke of a particular piston 
every two revolutions of the crankshaft. 
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Fig. y.5g— Ignition system (six-cylinder engine) 
(Army Manual TM 10-580) 


Each instant that the points are opened the spark occurs at the spark 
plug of a particular cylinder and the piston is pushed down on its power 
stroke. About 10,000 volts are necessary to make the spark jump a gap of 
between 0.025 hi. and 0.040 in., as it does in the spark plug when the 
gasoline and air mixture in the cylinder is under compression. The 
voltage induced in the secondary winding of the coil depends upon the 
ratio of the number of turns in the two windings, upon the sizes of the 
wires, and also upon the variation of the current strength in the primary 
circuit. 

This high voltage is produced by mutual induction as explained pre- 
viously. As long as the ignition points are closed and current is passing 
through the primary circuit, magnetic lines of force are generated in- 
side the coil. As soon as the points are opened, these lines of force col- 
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lapse and are attracted to the iron core of the coil. In passing the second- 
ary winding of the coil, these magnetic lines of foice set up the very high 
voltage necessary to jump the spark-plug gap. 

Of course, as the lines of force are being built up, there is a voltage 
induced in the secondary winding, but the voltage reaches the necessary 

magnitude only when a complete 
and sudden collapse of the lines 
of force occurs by the opening of 
the points. This collapse is fur- 
ther aided and quickened by the 
condenser. The condenser ab- 
sorbs the electricity in the pri- 
mary circuit which was on its way 
to pass through tire ignition 
points, but which was suddenly 
stopped by their separation. This 
absorbed current surges back out 
of the condenser and toward the 
coil, thus helping to complete col- 
lapse of the lines of force in the 
coil. By its absorbing qualities, 
the condenser also minimizes the 
arcing and pitting of the points. 

The spark in each cylinder 
must occur at a definite time. 
This is accomplished by timing 
the ignition. The rotor can only 
be put on the distributor in one 
way. As the rotor turns, it passes 
by the segments in the distribu- 

Fig. '7.60—' Timer distributor in cross section ca P - (® ee ^8* 7 - 6 o.) Each 

(Army Manual TMio-g8o) segment is connected electrically 

to a spark plug by a spark-plug 
wire. As has been mentioned, the high-tension or secondary current 
passes from the coil into the center of the distributor cap where it is 
transmitted by a carbon brush to the center of the rotor. The current 
then passes along a conductor within the rotor and, each time the end of 
the rotor passes a brass segment in the distributor cap, current jumps the 
short gap and passes from the segment to the spark plug by way of the 
spark-plug wire. 
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To be sure that the spark plug fires in a cylinder when its piston is 
near the top of the compression stroke, the distributor shaft is meshed 
■with the camshaft so that the rotor is directly opposite the segment in the 
cap that will carry the secondary current to the particular cylinder at the 
same instant. At this time current jumps from the rotor to the segment 
whence it flows to the spark plug. 

The cams on the distributor shaft are so placed that, when the rotor 
is properly timed to No. 1 cylinder, for example, the points in the primary 
circuit will just start to separate as a pointer on the front end of the en- 
gine points to a mark on the vibration damper (Fig. 7.61), indicating 



(Army Manual TM10-5B0) 

that No. 1 piston is near the top of the compression stroke, and that the 
spark should next occur in that cylinder. On some cars, the timing marks 
are on the flywheel and a pointer is on the flywheel housing. 

When the ignition points are open, they should have a clearance of 
between 0.015 in. and 0.025 “ 1 - depending on the manufacturer’s speci- 
fications. 

The following instructions should help in the understanding of the 
foregoing: 

To time tire ignition of a particular engine, first look up the manu- 
facturer’s specifications for ignition-point clearance, and the number of 
degrees before top dead-center of piston travel when the spark should 
occur. Turn the engine by hand until No. 1 piston is coming up on the 
compression stroke and stop when the pointer at the front of the engine 
points to the correct mark on the vibration damper or flywheel, indicat- 
ing when the spark should occur. Install the distributor, meshing its 
drive end with the camshaft so that a cam on the distributor shaft is just 
about to open the points. The rotor will point to a segment in the dis- 
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tributor cap. Install a spark-plug wire connecting No. 1 spark plug with 
the segment in the cap to which the rotor is pointing. This will insure a 
spark at No. 1 plug when No. 1 piston is ready for the power stroke. 
Then place in proper firing order the remainder of the spark-plug wires 
in the distributor cap. 

The cam angle is the number of degrees travel of the distributor shaft 
that the ignition points are closed (Fig. 7.62). Special equipment is avail- 
able to adjust the point clear- 
ance to the specified cam an- 
gle. Otherwise, a feeler gage 
is used. The importance of 
the correct cam angle lies in 
the fact that it is during the 
time the points are closed that 
the coil is "building up” so 
that, when they are opened, 
the proper amount of high- 
tension current will be avail- 
able at the spark plugs. If the 
points are adjusted too closely, 
the engine will not run evenly 
if at all, as the points will not open long enough to give the coil a chance 
to do its work. If the points are adjusted with too much clearance, the en- 
gine will miss at high speeds, because the points will not be closed long 
enough to allow the coil to build up properly. The result will be a weak 
spark at the plugs. 

The spring tension of the insulated ignition point must be within 
specifications, usually around a 20-oz pull when tested with a pull scale, 
made for the purpose. If spring tension is weak, the ignition point will 
"flutter” and cause missing, particularly at high speeds. If the spring is 
too strong, it will wear away the rubbing block and points at an excessive 
rate. 

The purpose of the centrifugal governor shown in Fig. 7.63 is to ad- 
vance the spark automatically as the engine increases its speed. Ignition 
timing, as just explained, is done while the engine is not running. Usu- 
ally, manufacturers specify that the spark should occur a few degrees 
before top dead-center for starting the engine, or when it is idling. When 
the engine is speeded up, the governor weights swing out, pivoted on 
their pins and against the tension of their springs. As they swing out 
they "advance” the spark by turning slightly in a direction opposite to 
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the rotation of the distributor shaft the plate on which the ignition points 
are fastened. As can be seen this will cause the cams to separate the 
points sooner. Thus, the spark will occur in the cylinder a little in ad- 
vance in the piston travel as the piston approaches top dead-center. As 


Position of weights: B r ef ore advance starts x 
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Fig. 7 . 63 — Centrifugal governor weights 

the engine is slowed down again, the springs attached to the governor 
weights overcome the centrifugal force tending to keep the weights in the 
outer position, and thus retard the spark. Spark advance is necessary at 
high speeds to get the full benefit of the power stroke. On account of 
the greater piston speed, and the time required to get the full benefit out 
of the burning mixture in the cylinder, it is desirable to start the mixture 
burning a little earlier in the compression stroke so that, by the time the 
piston is starting down on its power stroke, the burning mixture is ready 
to give all its expanding power to useful work. On the other hand, if the 
spark were left in the fully advanced position necessary at high speeds, 
the engine would not start, since the spark would occur when the piston 
had progressed so little on its compression stroke that the burning mix- 
ture would stop the piston in its tracks, trying to send it back down again; 
the piston does not have the inertia that the high speed gives it, and crank- 
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mg speed is too slow to overcome the expansion o£ the burning mixture. 

There are certain running conditions such as pulling up a hill at an 
average speed, or quickly accelerating the car, which tend to give a full- 
open throttle with full car load. For best engine performance under these 
conditions it is best to have a somewhat retarded spark, so the engine will 
not “ping" or "knock." The compression is higher when the throttle is 



opened suddenly as for acceleration and full-load work, and this higher 
compression causes the mixture to burn faster. So, with a normally ad- 
vanced spark, the greatest efficiency will not be received from the burn- 
ing mixture. 

To retard the spark while the engine is under heavy load and not 
accelerating, or to check the automatic spark advance if the engine is 
accelerating, a vacuum control is used (Fig. 7.64). A copper tubing con- 
nects the control unit with either the intake manifold or a point just 
above the throttle butterfly valve in the carburetor. The spring in the 
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control unit moves the diaphragm (which, in turn, is linked to the igni- 
tion-point plate in the distributor) toward the distributor when the 
vacuum is low and the engine is under heavy load or rapid acceleration, 
thus moving the plate in a direction tending to retard the spark. This 
spring will exert its full pressure only when the vacuum in the copper 
tubing is not great enough to pull back on the control unit diaphragm. 
When the vacuum increases (as when the car is "cruising”) it will over- 
come the pressure of the spring acting against the ignition-point mount- 
ing plate and allow the governor weights to advance the spark. The 
vacuum in the line is high when the engine throttle is held for an even, 
light-load speed. The vacuum is low when the throttle is opened allow- 
ing in more air and gasoline, such as for heavy engine load, or quick 
acceleration. 

The combination of the centrifugal weight and vacuum spark control 
gives the engine practically perfect spark timing for all driving conditions. 

Spark Plug.— The spark plug is an integral part of the ignition system. 
It provides the electrodes inside the cylinder across which the spark for 
ignition of the fuel is produced. It also insulates from the cylinder head 
the high voltages provided by the induction coil. These voltages range 
between 10,000 and 30,000 volts and sometimes occur as frequently as 
30 times per sec. In addition, the spark plug must be strong enough to 
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withstand the tremendous pressure and high temperature that result from 
the combustion of the fuel. 

Two typical spark plugs are shown in Fig. 7.65. The insulating mate- 
rial must be of such construction and design as to be able to withstand 
sudden changes in temperature and still not crack or change materially 
in electrical resistance. The steel shell is threaded so that it can be screwed 
into the cylinder head. A flat gasket of copper or similar material is placed 
between the plug and the cylinder head to insure good heat conductivity 
and to guard against compression leaks. 

The gap between the electrodes is measured very carefully and ad- 
justed to recommended size by use of a special feeler gage. Only the 
grounded electrode should be moved to make this adjustment. 

Ignition Troubles and Timing— When seeking the cause of ignition 
troubles, it is well to check the primary and secondary circuits separately. 
(See Fig. 7.59.) If the primary circuit shows current at the ignition points, 
it is a good indication that the primary circuit is in good condition. It 
is possible, however, that the condenser may be at fault. To make certain 
whether or not this is the case, the condenser should be tested on a con- 
denser tester. If defective, the condenser should be replaced. If, on the 
other hand, there is no current at the points, the wiring and all connec- 
tions in the primary circuit must be traced back to the battery. During 
this test, the ignition switch must be turned on. If current is not found 
at one connection, but is found at the next toward the battery, the trouble 
is between these two points. If the test shows that current is not going 
through the coil, the coil must be tested on a coil tester. If the coil does 
not test up to factory specifications, it should be replaced. Often an en- 
gine will not start if the points are badly pitted or burned. When such 
is the case, they should be replaced and adjusted. 

If tests show the primary circuit to be in good condition, the next 
step is to ascertain that there is current at the spark plugs. Should there 
be current at some plugs and not at others, all the spark plugs should be 
tested on a plug tester. If no current appears at any plug, the coil should 
be tested as advised previously— and replaced if necessary. A coil or con- 
denser designed for the particular engine on which it is to be installed 
should always be used. In the secondary circuit, the rotor and the dis- 
tributor cap should be examined for cracks or defects through which the 
high-tension current might leak to another terminal or ground itself. 
Clean terminal connections in the distributor cap will give good contact. 
If any high-tension wires have cracked or broken insulation, they should 
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be replaced because the high voltage will jump to ground through poor 
insulation. 

The distributor should be taken out of the engine for checking and 
should be disassembled on a bench. It is important that there be not too 
much play between the shaft and the bushing in the distributor housing. 
When there is too much play, both shaft and bushing should be replaced. 
If the ignition points are not too badly pitted or burned, they may be 
dressed on an oil stone for good electrical contact. Centrifugal governor 
weights and springs must be kept in good condition and working freely; 
the vacuum-advance control linkage and unit should work freely. In re- 
assembling the parts of the distributor, the points must be aligned prop- 
erly for full contact; a little light grease should be placed on the distribu- 
tor shaft where the rubbing block of the ignition point makes contact. It 
is important that the insulated point be properly insulated. The spring 
tension of the insulated point should be adjusted if necessary. 

After the distributor has been put in good condition, the ignition 
points should be set at the proper cam angle, using an instrument made 
for the purpose. Care must be taken when making these settings, because 
top engine performance depends as much on the amount of dwell or con- 
tact of the points as on when they open. Setting the points at the correct 
cam angle eliminates the use of a feeler gage. If, however, such an instru- 
ment is not available, the points may be set to the specified clearance with 
a feeler gage. 

The ignition points in distributors with two sets of points must be 
synchronized. This can be done accurately by use of a synchrograph or 
other instrument which will show how many degrees the movable set of 
points opens after the stationary set, and how many degrees the stationary 
set opens after the movable set. Cam angle may also be set at this time. 
If one of these instruments is nod available, the distributor should be re- 
placed— in correct time. 

To achieve this correct timing, a neon timing light is used. With the 
engine idling, the stationary distributor points are first set to open at the 
correct time. Then, with the distributor clamped, follows setting of the 
movable points so that they break at the right time. 

This same neon timing light may be used also to make certain that 
the governor weights and vacuum control are working properly. For this 
purpose, the engine is speeded up and the timing light used to check, 
according to specifications, the advance of the timing mark on the fly- 
wheel or vibration damper. 
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Magneto Ignition— Although magneto ignition is found in few cars 
or trucks today, it is used extensively in aircraft engines where reliability 
is a primary consideration. A magneto is an electrical generator that uses 
a permanent magnet to produce a magnetic field. All magnetos generate 
an alternating electromotive force which makes their construction simpler 
than that of a direct-current generator, and also makes them more re- 
liable. 


COLLEOTOH 




Eig. 7.66— Methods of carrying current from a 
magneto armature 
(Army Manual TM 10-580) 

Types of Magnetos— There are two types of magnetos, depending 
upon whether a coil is rotated in a magnetic field or the field is made to 
move through the coil. The former type is called armature-wound; the 
latter is called the inductor type. The operation of the armature-wound 
magneto is exactly as described under the heading “The Generator” ex- 
cept that a magneto has no commutator. The alternating current that is 

induced in the coil is led out by the use of slip 
rings and contact brushes. Some magnetos 
use only one contact button or slip ring which 
is connected to one end of the coil and is 
well insulated. The other end of the coil is 
grounded to the armature core which is con- 
nected to the frame of the magneto by a 
grounding brush as shown in Fig. 7.66. 

Fig. 7.67 shows the relationship between 
the armature and the field of an armature- 
wound magneto. It differs from the generator 
mainly in the fact that the field magnet is a 
permanent magnet. 



Fig. 7.67— Armature wound 
magneto 

(Army Manual TM10-580) 
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Inductor Magneto.— There are many ways in which an inductor type 
of magneto can produce a changing magnetic field. Some use rotating 
permanent magnets, others use rotating pieces of soft iron that are mag- 
netized by permanent horseshoe magnets. ° 

Fig. 7.68 shows one type of inductor magneto with a stationary coil 
and field magnet rotors. It is obvious from this figure that the movement 



SIDE 

VIEW 


TOP 

VIEW 


Fig. 7 . 68 — Magnetic circuits of a low-tension inductor 
magneto 

(Army Manual TM 10-580) 

of the rotors will cause the field through the coil to change in direction 
twice in every revolution. This changing magnetic field induces a voltage 
in the coil as previously described in the chapter on “Electromotive 
Force.” 

Low- and High-Tension Magnetos— The magnetos just described 
are able to furnish a good spark when they are turned rapidly because of 
the self-induction of the coil. This makes it possible to use them in a 
make-and-break-ignition system without an outside coil. They are known 
as low-tension magnetos. For jump spark ignition a higher voltage is nec- 
essary. This is furnished by a high-tension magneto. These magnetos have 
both primary and secondary windings similar to those of an induction 
coil (see Fig. 7.69). They also contain an interrupter, condenser, and 
distributor which make them an almost complete ignition system. Since 
a magneto armature can only furnish two sparks per revolution, and its 
distributor has to turn at half engine speed, the gearing of a magneto 
armature shaft will depend on the number of cylinders in the engine. In 
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CABLES to SPAftK PLUGS 


a four-cylinder engine two sparks are required every revolution of the 
cran kshaf t. If the magneto armature shaft were turning at distributor 
shaft speed only one spark could be furnished. Hence in a four-cylinder 

engine the magneto armature shaft 
has to be geared to turn at twice dis- 
tributor shaft speed. In a six-cylin- 
der engine the magneto armature 
shaft will have to be geared to turn 
three times the speed of the distribu- 
tor shaft. 

In aircraft engines twin ignition 
systems are used as a safety precau- 
tion. This arrangement calls for 
two separate magnetos. Some twin 
ignition systems use one magneto 
with two secondary leads that fire 
the two plugs in series. This type of 
magneto requires a higher voltage 
than do usual types. 



SECOND** 


IRMATURE 

GROUNDED CONTACT 
RETARD 


CONDENSER 


ADVANCE 


INTERRUPTER 


Fig. 7.69— High-tension magneto 
(Army Manual TM 10-580) 


Lighting System.— Lights are 
used in modern motor vehicles for 
a wide variety of purposes. Head- 
lights are necessary to illuminate the 
highway sufficiently to permit safe 
night driving. These are usually provided with two or more beams, one 
of which provides maximum illumination for night driving, and another 
of which is so designed as to permit deflection to the ground and to the 
side of the road to minimize glare when passing other cars on the road. 
When a third beam is used, it is usually of low intensity for city driving. 
Tail lights are used to illuminate the rear of the car, including the license 
plate, so that both car and license plate can be seen by drivers of other 
vehicles. Tail lights usually incorporate stop lights which flash red when- 
ever the brakes are applied. In addition to the headlights, low-intensity 
parking lights usually are provided in the front of the car, either as sepa- 
rate units or as part of the headlamps. 

The lighting system also includes lights inside the body to illuminate 
the compartments in which the passengers ride, special lamps to light the 
instrument panel, and sometimes special lights to illuminate the keyhole 
for the ignition key or the inside of the glove compartment. Map lights, 
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trunk compartment lights, radio dial lights, and clock lights are also 
provided on some cars. Flashing signals on the front and rear to indicate 
to other drivers the direction in which the car is about to be turned have 
been finding wider application in recent years. 

In addition, one or more special lights, designed as signals to the 
driver, may be incorporated. Such special lights may include a red signal 
light to indicate when the “country” beams of the headlights are burning; 



Fig. 7.70— Wiring diagram of electrical system on a motor vehicle 
« (Army Manual TM10-580) 


when it is possible to go into overdrive (on cars where such a unit is 
used); to indicate when the gasoline supply is low; to indicate that the oil 
pressure is low; that the cooling-water temperature is too high; or that 
the battery is discharging at too rapid a rate. 

Fig. 7.70 shows the wiring for the headlamps and tail lights of a typi- 
cal passenger-car lighting system. The circuit is a single circuit, employ- 
ing one wire and ground. Current is supplied to the system from the 
battery and/or generator at 6 to 8 volts. Suitable switches and fuses or 
circuit breakers to protect the system from overload also are included in 
the system. 

Automotive lamps are of the incandescent gas-filled type. To give a 
definite idea of their size and number, a typical medium-priced car has 
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two 45-35 watt headlights, two 3-cp parking lights, one 3-cp license-plate 
light, two 21-3 cp stop lights and tail lights, four 1.5-cp instrument lights, 
one 1.5-cp map light, one 6-cp dome light, one l-cp beam indicator, one 
1.5-cp trunk compartment light, one 1.5-cp radio dial light, one 1.5-cp 
clock light, and one l-cp glove compartment light. Cp means candle- 
power, a unit by which the brightness of a source of light is measured. 
Watts equal volts X amperes. A 42-watt bulb draws 7 amp on a 6-volt 
battery (6 volts X 7 amperes). 

Of these, the headlights are the only ones requiring adjustment. For 
this reason, and also because of their importance to safe driving, the head- 
lights will be taken up in more detail. 

“Sealed-Beam” Headlight System.— In the early days of the automo- 
bile, car speeds were low and there were relatively few vehicles on the 
road. For this reason the kerosene or acetylene lamps then in use for 
headlights provided adequate illumination. As road speeds were stepped 



Fig. 7.71— Sealed-beam headlight system— Beam pat- 
terns (left) and basic types of headlamp unit 


up, more powerful headlamps were required and provided. Unfortu- 
nately, the number of cars on the road also increased rapidly, and the 
problem of glare from the more powerful headlamps of passing cars be- 
came acute. To solve these problems a two-beam headlamp system, called 
the “sealed -beam'’ headlight system, was developed. Both lamps in this 
system are alike and produce a straight-ahead or "country” driving beam 
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and a deflected or traffic beam in which the light from both beams is 
deflected to the right side of the road and slightly downward to minimize 
glare. This new system, which appeared first on 1940 models, was the 
result of three years cooperative work by c^r manufacturers, bulb and 
lamp manufacturers, safety organizations, the Society of Automotive En- 
gineers, and motor-vehicle administrators. It is designed to provide the 
safest seeing that is technically practical, and has had almost universal 
adoption on American cars. 

The maximum intensity of the country beam, which is for use only 
when there is no approaching traffic, is specified at 75,000 cp, as compared 
with the previous maximum of 50,000 cp. Actually the maximum in- 
tensity of the country beam is about 60,000 cp. The traffic or passing 
beam is directed low enough to avoid glare and directs sharp, clear illu- 
mination to the side of the road, especially to the right shoulder as shown 
by the light pattern at the top of Fig. 7.7 1. The traffic beam is directed 
downward and to the right by locating the traffic filament in a position 
slightly eccentric with the center of focus of the parabolic reflector. 
Lenses are designed especially to direct and distribute the light rays as 
desired. 

In construction of the sealed-beam headlamp, the lens, reflectoT, and 
light source are all assembled permanently in a sealed unit. When the 
filament burns out, the unit is re- 
placed with a new one. An important 
advantage is that their sealed construc- 
tion permits these lights to maintain 
at least 90% of their original efficiency 
until they burn out, where other types 
may lose from .33% to 66% of their 
efficiency during their life, depending 
upon how well they are cleaned and 
maintained. The reflector unit in the 
new headlamp is held to a sub-body 
by a retainer ring and three screws 
which may be loosened for removal of GJ&xiHBfcii 

unit. The sub-body forms a ball- Rg _ 7 . 73 _ Aiming adjustment of 
and-socket joint with the lamp hous- sealed-beam headlights 

ing and is held to the housing by four 

coil springs, plus a vertical adjustment screw and a horizontal adjustment 
screw. With this type of mounting, the horizontal light-beam adjustment 
can be made without disturbing the vertical light-beam setting and vice- . 
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versa, as shown in Fig. 7.72. The reflector unit is provided with three 
locating lugs which fit into corresponding slots in the sub-body. These 

lugs are so located that the reflector 
unit can be mounted only in one posi- 
tion, as shown in Fig. 7.73. 

The headlamp unit is made in two 
basic types— one with a glass reflector 1 
and the other with a metal reflector. 

The glass-reflector type shown at the * 
upper right in Fig. 7.71 is its own bulb 
and employs a 40-watt filament for the 
country beam and a 30-watt filament 
for the traffic beam, whereas the metal- 
Teflector type shown at the lower right 
contains a conventional bulb with 45- 
and 35-watt filaments respectively. 

Fig. 7.73-Removing a sealed-beam These values compare with the 27- 
unit and 20-watt filaments used for 32-cp 

bulbs in other lighting systems. The 
two types give the same light distribution on the road and are inter- 
changeable so that a metal unit may be used to replace a glass unit or 
vice-versa. Glass reflectors are aluminum-plated, whereas metal reflectors 
are silver-plated. . 

Control of the new lighting system has been standardized on all cars 
in which it is used so that either country or traffic beams can be obtained 
alternately by operation of a left-foot pushbutton switch, and so that a red 
pilot light on the instrument board is illuminated whenever the country 
beam is in use. 

A control switch on the instrument board also is used for operating 
the sealed-beam system. This switch usually has three positions: “off,’ 1 
“parking,” and "driving.” 

Aiming Adjustment of Sealed-Beam Headlights.— Adoption of the 
sealed-beam system lias simplified the aiming of headlamp beams greatly 
because the instructions for aiming the headlamps of all cars with sealed- 
beam lighting are the same. Typical instructions for aiming follow. 

"To obtain the maximum results in road illumination and the safety 
that has been built into the headlighting equipment, the headlamps must 
be properly aimed. 

"Place the car on a level stretch with a light-colored vertical screen 
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25 ft ahead. For best road lighting results, draw a horizontal line on the 
surface at the level of a point 3 in. below the headlamp center. If, how- 
ever, your state requires a loading allowance, draw this horizontal line 
below above-mentioned line, by the amount required by your particular 
state. Sight through the center of the rear window over the center of the 
radiator ornament and so determine a point on the horizontal line mid- 
way between the headlamps. Draw vertical lines through points at the 
right and left of this center point directly ahead of the center of each 
headlamp. On cars equipped with a divided windshield, it is necessary to 
locate a point on the horizontal line by sighting past the left edge of the 
center divider and then past the right edge. A point midway between 
these two points represents the centerline of the car on the screen from 
which lines directly ahead of the headlamp centers can be located. 

“Place lighting switch in the position which produces the country 
(upper) beam (bright lights). When the country (upper) beam is lighted 
the lower filaments on both lamps are illuminated. 

“Independent adjustment of both horizontal and vertical aim is pro- 
vided in ‘Sealed-Beam’ headlamps with adjustment screws accessible from 
the front of the lamp after first removing door rim. The light beam is 
moved to the right or left by tightening or loosening this horizontal ad- 
justing screw. The beam may be raised or lowered by turning the verti- 
cal adjusting screw (Fig. y.ya). 

"Cover one lamp to obscure the beam of light and then adjust the 
beam from the other lamp so that the center of the zone of highest inten- 
sity falls on the intersection of the horizontal line 3 in. below the head- 
lamp center and the vertical line directly ahead of the lamp. Repeat the 
operation for the other lamp. No further adjustment is needed for the 
traffic (lower) beam.” 

Other Headlight Systems.— Before the introduction of the sealed- 
beam system, headlamps with three as well as two beams were in wide use. 
A low-intensity beam for city driving, a high-intensity “upper" beam, 
and a passing beam usually comprise the three beams. The passing beam 
often is depressed on the left side to remove the glare from the approach- 
ing driver’s eyes, with a high beam on the right side. As a result, right 
and left headlamps of such systems are not interchangeable. Because of 
the wide variation in construction and aiming instructions of such sys- 
tems, the manufacturer’s service instructions should be referred to for 
any such information. 

Lighting System Service— Great variation in headlight intensity 
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through different driving speeds is usually indicative of a battery not 
fully charged. Both very bright lights and unsteady lights indicate a 
loose connection which may bring about the burning out of a lamp. Such 
loose connections often are caused by a poor ground between the lamp 
body and the frame of the car or fender. 

Fuses, when a part of a lighting system, protect the bulb and the bat- 
tery. The burning out of a fuse, however, is an indication of trouble 
which should be found. Otherwise, tire same thing will probably happen 
again. 

Far-h time a headlight bulb is replaced, the headlamps should be 
focused, as explained earlier in this chapter if of the ‘‘sealed-beam” type. 

A check on the grounding of the lamp should be made as part of the 
process of trying to trace an open or a short circuit in the wiring of the 
lighting system. 

Special equipment is available for checking headlight efficiency and 
focus. The headlamps have two setscrews as a rule, one for setting the 
beam horizontally, and the other for setting it vertically. (See instructions 
given earlier in this chapter and Fig. 7.72.) Exact specifications can be 
obtained from the car manufacturer's manual. 

It is essential to safe driving that headlamps always be properly 
focused. 

Automotive Wiring Systems.— All the main circuits of the automo- 
bile electrical system, illustrated previously in Fig. 7.43, have now been 
explained. The chapter "Starting and Generating Systems” covered the 
electrical circuits and devices in those two systems. In this chapter the 
circuits dealing with the ignition and lighting systems were explained. 
AH other electrical circuits in the automobile are used for special pur- 
poses not essential to the operation of the automobile. These special 
systems are usually connected in parallel with the regular lighting system 
and are independently controlled. Fig. 7-7° shows how the accessories 
that are controlled by the ignition switch are connected in the circuit. 
These accessories include electrical gasoline gages, electrical thermome- 
ters, and other indicating instruments whose readings are important to 
the proper operation of the engine. 

Accessories not related directly to the running engine are connected 
to the same side of the fuse as is the light switch. This arrangement in- 
sures protection of the electrical system in the event of a short circuit 
and also permits the ammeter to measure the current consumption. See 
Fig. 7.70. 
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Wiring Color Code.— The servicing and installation of the many wires 
connected with the electrical system of an automobile would be difficult 
without the use of a color code. This code was recommended by the SAE 
and is observed by many manufacturers. Following are outlined the codes 
for passenger cars and for motor coaches and trucks. The complete codes 
may be found on page 62a of the 1939 SAE Handbook. 


PASSENGER CARS 


Color oE Wire 

Type oE Circuit 

Red 

Wires not protected by a [use or circuit breaker, such as generator 
to cut-out or regulator; ammeter lo fuse or cut-out; or regulator to 


ammeter. 

Red with yellow tracer.. 

Low-tension or primary ignition. 

Red wi th black tracer.. 

Ammeter to battery. 

Yellow 

Wires protected by a luse or circuit breaker leading to an electrical 
switch. These wires include: 

1. Horn feed wire. 

2. Signal-lamp switch feed wire. 

3. Body lighting switch feed wires. 

Brown with black tracer 

Lighting switch to junction block (parking lamp). 

All ground connections (except battery ground). 

Black 

Lighting switch to tail lamp. 

Black with red tracer... 

Bright headlamps (or upper-beam). 

C reen 

Dim headlamps (or lower beam). 

Signal lamps (switch to lamp). 


MOTOR COACH AND TRUCK 


Color of Wire 

Type o£ Circuit 


Wires not protected by a Euse or circuit breaker. These wires in- 
clude: 

1. Generator to cut-out or regulator. 

2. Cut-out or regulator to ammeter. 

3. Ammeter to battery. 

4. Ammeter to Euse or circuit breaker. 

5. Low tension or primary ignition. 



Same as passenger car. 


Brown with black tracer 

- — 

Generator cut-out or regulator, to ground. 

All ground connections (except battery ground). 
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MOTOR COACH AND TRUCK-(Conii'nued) 


Color of Wire 

Type of Circuit 


Bright headlamps (for upper beam). 

Body lamp feed wires (switch to lamp). 


Black with red tracer . . . 

Dim headlamps (or lower beam). 

Tail lamp. 

Green 

Signal lamp (switch to lamp). 

Signal lamp (to indicator or pilot). 


Protective Devices.— The functions of many protective devices have 
already been explained. The fuse protects the circuit by melting when 
the circuit is overloaded. Some circuits are protected by a vibrator type of 
circuit breaker. This device resembles the cut-out except that large cur- 
rents open the circuit rather than close it. It consists of a magnetic wind- 
ing in series with a pair of contact points. On overload, the excess current 
causes the electro-magnet to open the points and break the circuit. A 
spring attached to the points then closes them. This rapid vibration 
produces a buzzing sound which calls attention to the condition. Another 
variety of buzzing circuit breaker employs a bimetal bar in parallel with 
the magnetic windings. This bar opens the circuit when excessive current 
flows and is thus set into vibration by the magnetic winding. Other pro- 
tective devices use a relay to light a “telltale” lamp in conjunction with 
a circuit breaker. 

Direction Signals.— These devices are incorporated into the lighting 
systems of many cars to indicate to other drivers which way the driver 
intends to turn his car. In operation, lights are caused to flash about 80 
times per minute on the side of the car toward the direction in which the 
car driver intends, or has started, to turn. Since the flashing lights usually 
are combined with the parking lights in front and the tail lights in the 
rear, they attract the attention of drivers in front or back of the car. 

Fig- '7-74 shows one design of direction-signal system. In this arrange- 
ment the direction-signal lights are turned off automatically at the com- 
pletion of a turn, but they also may be turned off manually. The switch 
lever for operating this mechanism is located under the steering wheel 
above the gearshift lever, and is flipped up for left turns and down for 
right turns. Left or right pilot lights on the instrument board in the 
form of arrows flash when the direction signals on the corresponding side 
are in operation. The automatic turn-off is accomplished by a mechanism 
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that breaks the circuit when the wheel returns to straight-ahead position. 
The front signals flash from the ai-cp filaments of the parking lights 
located directly on top of the fender above the headlamps. The rear sig- 
nals have 32-cp flashing lights. 



Dashboard Instruments -The instruments on the dashboard can be 
considered protective devices if the operator reads and understands them, 
and heeds their warnings. The ammeter tells whether the current is going 
into the battery or coming out of it, and how much. A defective gen- 
erator or wire can be detected long before the battery is fully discharged 
by noting the ammeter indications when the engine is running. Gasoline 
gages, cooling system thermometers, oil pressure gages, and speedometers 
are protective devices only if their readings are translated into action by 
the operator at the right time when such action is indicated. 
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QUESTIONS 

1. What is the function of a motor-vehicle’s ignition system? 

2. Explain the function of all the parts of an ignition coil, as shown in 
Fig. 7.58. 

3. Trace the primary ignition circuit from the battery to the ground. 

4. Explain how the cam and rubbing block open and close the primary 
circuit. 

5. How does the rotor receive its high voltage? Explain. 

6. Why must the rotor be timed with the valves and piston? 

7. Explain the function of Lhc condenser in the ignition system. 

8. Why does the rotor have to be timed with the opening of the ignition 
points? 

9. Explain the meaning of "cam angle.” 

10. How can a feeler gage be used to adjust the cam angle? 

11. Explain how an engine may be timed if it has timing marks on the vi- 
bration damper. 

12. Why is it desirable to advancei the ignition timing as the engine speed 
increases? 

13. Why is it necessary to retard the spark for full-throttle operation, under 
load? 

14. Explain how the centrifugal governor weights advance the spark tim- 
ing as the engine speed increases. 

15. How does the vacuum unit attached to the distributor tend to retard 
the spark when the engine is operating under load? 

16. Why is the spark plug an integral part of the ignition system? 

17. Explain the function of each part of the spark plug with the aid of a 
diagram. 

18. How is a spark plug "gap” adjusted? 

19. List all the branches of the lighting circuit of a modern automobile. 

20. Explain the difference between a "traffic” beam and a “country" driv- 
ing beam. 

21. List the advantages of the ‘‘Sealed-Beam 1 ’ headlight system. 

22. How does a 42-watt bulb differ from a 30-watt bulb, both designed for 
use on a 6-volt battery? 

23. Explain why a wiring color code aids in the servicing and installation 
of the wiring that makes up the electrical system of an automobile. 

24. Why can dashboard instruments be considered protective devices? 

25. Explain the operation of one type of vibrating circuit breaker. 


SUGGESTED PROJECTS 

1. A working battery ignition system may be constructed by securing a tim- 
ing distributor, an ignition coil, and some spark plugs from an old car. The 
distributor should be mounted so that the shaft can be turned. The coil and 
spark plugs should be mounted so that their connections to the distributor are 
visible. Three or four dry cells can furnish the necessary primary voltage. The 
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grounding of the distributor, coil, and plugs can be accomplished by connect- 
ing them with bare wire to one terminal of the battery. The function of the 
condenser can be demonstrated by removing its connecting wire. 

2, A vibrating electric bell may be made to resemble a vibrating circuit 
breaker by removing the hammer and the gong. 

. 3- A speedometer cable may be linked to a small electric motor by fasten- 

ing the outer cable to the base of the motor and joining the inner cable to the 
motor shaft by means of a rubber stopper. In this way a speedometer may be 
operated outside the vehicle. 

4 . Timing marks may be painted in white on the rim of an exposed fly- 
wheel and housing. A neon bulb is hooked in series with the cable leading 
from the distiibutor to the spark plug of the cylinder related to the timing 
marks. When the engine is turned rapidly by the starting motor and the igni- 
tion is turned on the revolving timing mark will appear to stand still under the 
illumination of the neon light. Moving the distributor housing in the direc- 
tion of rotation of the rotor and in the opposite direction will cause the mov- 
ing timing mark to appear after and before the timing mark on the flywheel 
housing. 
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CHAPTER 21 

LUBRICATION 

Lubrication is probably the most important phase of motor vehicle 
maintenance. Inadequate or improper lubrication of the engine can be 
the cause of a long line of serious engine troubles, such as scored cylinders, 
burned-out bearings, excessively worn bearings, misfiring cylinders, dirty 
spark plugs, stuck piston rings, engine deposits and sludge, and excessive 
fuel consumption. 

Proper chassis lubrication is just as essential to satisfactory motor 
vehicle performance as is engine lubrication. Results just as disastrous as 
those arising from lack of engine lubrication will accrue from failure to 
lubricate the chassis properly— even though they may take much longer 
to materialize. 

Lubrication Systems.— As has already been indicated, lubrication of 
an automobile is usually accomplished by two separate systems— the en- 
gine lubrication system and the chassis lubrication system. A single sys- 
tem lubricates the entire engine of all present-day motor vehicles. (Only 
some equipment outside the engine, such as the starter, generator, water 
pump, and distributor is separately lubricated.) This system circulates 
oil from a common reservoir or sump in the bottom of the crankcase to 
the main bearings, connecting-rod bearings, wristpins, camshaft bearings 
and cams, cylinder walls, valves, and timing drive. In modern American 
automobiles this system is classified as “pressure” or “splash,” although 
various combinations of these two systems have been used in the past. 
Most passenger cars use the pressure system in which the oil is forced 
under pressure by a geared pump to most of the various rotating or 
reciprocating parts. 

The splash system utilizes dippers on the ends of the connecting rods 
to splash the oil on the various parts as they travel through oil troughs at 
the bottom of the stroke for distribution of the lubricant. A pump is 
employed to carry the oil to the troughs. Details of both these systems 
will be discussed later. 
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About 34 different points on the modern passenger car chassis require 
lubrication, the greatest number on any car being about 45 and the^east 
number, si. The actual number varies with the design and construction 
of the particular make. Some of the points requireTubrication oftener 
than others, while the character of the lubricant most suitable for appli- 
cation varies too. No single '‘universal” lubricant has yet been deviled, 
although car engineers and petroleum technicians are working in that 
irection and m recent years have reduced the number of different lubri- 
cants necessary to lubricate a chassis properly. 

Principles of Lubrication.-The function of a lubricant is to decrease 
friction by preventing direct contact of rubbing surfaces. The force of 
friction which retards the motion of one body in contact with another is 
sometimes divided mto two types-sliding friction and rolling friction. 
Plain bearings utilize sliding friction while ball bearings and roller bear- 
ings are examples of rolling friction. Both types require lubrication. A 
lubricant attempts to substitute the smaller frictional resistance to sliding 
or rolling of a liquid for the resistance between solids. A lubricant then 
must exhibit properties of adhesion and cohesion. Adhesion is the force 
of attraction between unlike particles, called molecules, when placed very 
closely together. A good lubricant adheres to the surfaces which it sepa- 
rates. Cohesion is the force of attraction between like particles placed 
closely together. This property in a liquid is generally expressed as vis- 
cosity or body. The viscosity of a liquid used as a lubricant is an im- 
portant factor in determining its ability to keep two surfaces apart (film 
strength) when under pressure. The viscosity of a lubricant at a given 
temperature also determines its liquid friction at this temperature. Fur- 
ther information on viscosity will be given later in this chapter. These 
facts can be understood better if we consider their application to the 
problem of engine lubrication. It is evident that the engine or crankcase 
oil must be suitable for the proper lubrication of a number of different 
parts, and hence must satisfy many requirements. 

The lubricating oil in an automotive engine has five important func- 
tions. (1) to minimize friction and wear; (2) to cool by carrying away 
heat; (3) to seal the pistons and thus prevent the escape of gases in the 
cylinders with consequent loss of power; (4) to cushion the parts against 
vibration and impact; and (5) to clean the parts as it lubricates them, 
carrying away impurities. 

The magnitude of the retarding frictional force depends upon the 
nature of the surfaces, the pressure which forces the surfaces together, 
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and the kind of material used in the surfaces. Friction is low when the 
surfaces are smooth and highly polished, when the pressure is low, and 
when the material is hard. Conversely, rough surfaces, high pressures, 
and soft materials produce high frictional forces. Friction always pro- 
duces wear and heat. 



Fig. 8 . 1 — Magnified bearing surface of shaft journal 

Whenever any two metal surfaces— such as a shaft in a bearing or a 
piston on a cylinder wall— rub against each other, there is friction be- 
tween them no matter how highly polished the surfaces because the high 
points on one surface strike the high points on the other surface. Fig. 8.1 
shows how these irregularities on the highly polished surface of a bearing 
journal show up when examined under a magnifying glass or microscope. 
If the journal and bearing lining were allowed to rub against each other 
without lubrication, there would be a loss of power, considerable wear, 
and the heat generated would cause the bearing to bind or “burn out.” 

The materials of automotive bearings are selected for the purpose of 
keeping friction to a minimum. It has been found that bearing linings 
made of certain soft materials give the least friction when used with the 
steel shafts used in automobile engines and when lubricated properly. 
Most engines use bearing liners of “babbitt,” an alloy of various combina • 
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tions of tin, lead, zinc and antimony, although some engines use cad- 
mium-silver or copper-lead as explained previously. 

In normai lubrication of engine bearings where the shaft -floats” on a 
mm of lubricant, virtually all the friction takes place in the film of lubri- 
cant. The greasy slippery particles of the oil film slide or shear on each 
other, minimizing the amount of friction, wear, and generated heat. This 
action can be easily understood by likening it to that in a deck of cards 
when they are spread out on a table, the layers of lubricant in the oil 
fi m being displaced from each other by the rotating shaft in the same 
way that the cards overlap one another. 

a m Ut ’ ? 1S -, n0t Cn T gh to .P lace the lubricating oil between the surfaces. 
A film of oil must be maintained in the bearings under practically all 
operating conditions. This means that an adequate amount must be fed 
continuously to the bearings. 


Oil Films and Wedges. — How this film is maintained may be ex- 
plained by reference to Fig. 8. a . It is seen that the journal takes an 
eccentric position in the bearing when in 
operation. This position is the result of the 
loading of the bearing W and the direction 
of rotation. The oil film is maintained by 
the wedging action as the oil is forced into 
the wedge at the bottom by the pressure 
generated when the oil is carried from die 
wide space A and forced into the narrow 
space B at the bottom by the rotating jour- 
nal to which the oil adheres. This is called 
the “hydrodynamic” theory of lubrication. 

From this explanation it becomes evident 8 ' 2 ~P° s ^°u o£ rotat- 

that the oil film is maintained only when “d i^of^ubdca ting 'oil 
the journal is m motion, and the oil film is 

squeezed out from the pressure area B when the bearing comes to rest. 
When an automotive engine is first started, so-called “boundary lubrica- 
tion” comes into play until the oil film is built up by the rotating journal 
as just described. The qualities of a lubricant called adhesiveness anH 
film strength cause the lubricant to enter the metal pores and Hin g to 
the surfaces of the bearings, keeping them wet when the bearings are at 
rest and preventing metal-to-metal contact until the film of lubricant is 
built up. This property of “oiliness” also is highly desirable in helping 
the lubricant to adhere to the cylinder walls. 
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Load, speed, and body of the lubricant affect the thickness of the oil 
film in a bearing. The higher the load, the thinner the film; the higher 
the speed, the thicker the film; and the heavier the oil, the thicker the 
film . However, since a heavier oil increases the friction and raises the 
temperature, the higher temperature will thin the oil and thus reduce 
the friction again. Therefore, use of a heavier oil often results only in 
raising the temperature of the bearings. For these reasons oil companies 
recommend the use of the lightest oil in automotive engine bearings 
which can be depended upon to maintain an oil film of satisfactory thick- 
ness, and which has sufficient adhesiveness and film strength to provide 
satisfactory "boundary lubrication’’ when the engine is starting from rest, 
and to adhere satisfactorily to the cylinder walls. 

More oil is circulated through the bearings of automotive engines than 
is necessary for lubrication purposes alone. This permits the oil to per- 
form properly the second function mentioned previously— to cool by 
carrying away heat. The hot oil leaving the bearings is carried to a cen- 
tral point where it is cooled before being recirculated to the bearings. 

Cylinder Lubrication. — In both the pressure and splash systems the 
cylinder oil is thrown to the lower end of the cylinder by the rotation of 
the crankshaft and connecting rod, and spread over the cylinder walls by 
the up-and-down motion of the piston. This oil must withstand severe 
conditions of high temperatures and pressures, and must have sufficient 
oiliness, film strength, or adhesiveness to cling to the cylinder walls and 
maintain "boundary lubrication." These conditions impose severe re- 
quirements on the properties of the crankcase oil. 

Types of Lubricants. — Lubricants are classified in three forms— fluid, 
semi-solid, and solid. Fluid oils are used in automobile engine lubricating 
systems. Semi-solid oils are used in chassis lubrication. Solid lubricants 
are those such as graphite and mica. Graphite often is mixed with oil to 
lubricate automobile springs. The use of these types depends upon the 
work required and the surfaces to be lubricated. 

Oils also are classified according to their source— as animal, vegetable, 
or mineral. Animal oils are obtained from such sources as lard and fish. 
Olive oil, castor oil, and linseed oil are typical vegetable oils. Mineral 
oils are obtained by distillation from petroleum. 

Mineral oils are used almost entirely for lubricating automotive en- 
gines because they have most of the qualities desired and are cheaper and 
more plentiful than the other types. They are obtained by distillation 
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from petroleum. They are free from acid when, properly refined and 
therefore do not attack the metals or cause chemical reactions. 

Light machine oil is another mineral oil lubricant. It is usually proc- 
essed to eliminate gumming, Light machine oil is used for small high- 
speed bearings where the pressures are moderate. Generators, starters, 
and distributors are often provided with oil cups for the use of this 
lubricant. Penetrating oil is used as a lubricant between spring leaves; 
it also aids in loosening rusted or corroded parts when it is applied to 
them. 

Often small amounts of animal or vegetable oil or other material are 
mixed with a lubricating oil to obtain some desirable quality not pro- 
vided by the pure oil. This practice, called “compounding,” is frequently 
employed in oils used in diesel engines, the purpose being to give a sol- 
vent or cleaning property that dissolves impurities and eliminates stuck 
piston rings. Such “additives” also are used to increase the “oiliness” of 
cylinder oils, to thicken the oil, and so on. 

Mineral oils have a third classification— according to the crude oil 
from which they are distilled. When die residue remaining after distilla- 
tion is largely paraffin, they are termed “paraffin-base” oils. Most of the 
crude oils from which paraffin-base oils are distilled come from fields in 
the Eastern part of this country, and include the so-called Pennsylvania 
oils. "Naphthene-base” oils have a residue containing quantities of as- 
phaltum, and usually come from oil fields of California, the Gulf Coast, 
and Mexico. Some oils consist of a blend of diese two types. Lubricating 
oils also are blended of oils of different characteristics to obtain a desired 
result. Paraffin-base oils weigh less than naphthenic-base oils and have less 
tendency to thin out at high temperatures. Naphthene-base oils are more 
volatile and congeal at lower temperatures than do paraffin-base oils. 
However, these inherent characteristics may be modified considerably by 
treatments and refining processes. 

Lubricants for use in chassis parts may be classified generally in three 
groups: 

1. Gear Lubricants .— Gear lubricants are made to withstand consider- 
able pressure, to flow freely at fairly low temperatures, and to maintain 
their "body” at the relatively high temperatures under which they must 
operate. Their function is to cushion the hammering action which occurs 
between the teeth of meshed gears, to carry the load from one gear tooth 
to another and to lubricate the rubbing surfaces. The lubricant in gears 
also cleans and cools the rubbing surfaces of the gear teeth. 

Gear lubricants made to withstand the above-normal gear tooth pres- 



S56 


UNIT EIGHT-LUBRICATION 

sures characteristic of certain designs are called extreme pressure lubri- 
cants, while those designed for use in hypoid rear axle gears are commonly 
called hypoid lubricants. 

2. Chassis Lubricants— The term “high-pressure grease” is often ap- 
plied to the type of lubricant designed for general points on the chassis 
because it is usually applied with a "grease gun” to the grease-gun fittings 
with which most chassis are equipped. This general chassis lubricant may 
be a soft non-fluid or a semi-fluid and usually embodies a lime or alum- 
inum base, which gives it good spreading qualities, load-carrying ability, 
and resistance to water. 

3. Special Lubricants— A wide variety of special lubricants are avail- 
able for particular purposes, in addition to the general types just de- 
scribed. A short-fiber grease, for example, usually made of sodium soap, 
is made especially for wheel bearings, where its high melting point and 
stringy nature renders it particularly adaptable. A long-fiber grease con- 
structed to resist centrifugal force action and prevent the soap base from 
separating from the oil is specially designed for application to universal 
joints. Sometimes a medium-fiber grease serves for both wheel bearings 
and universals. Another special type grease is designed for the operating 
conditions peculiar to the older type of gland-packed water pump; a 
graphite grease is made for springs; a special oil for starters and genera- 
tors, etc. 

Each chassis unit has its own special lubrication requirements, and 
these requirements have been the basis for development of the various 
kinds of lubricants mentioned. Each car manufacturer makes specific 
recommendations as regards the proper lubricant for each chassis point 
on each of his models. Those specifications should be followed carefully 
when the job of lubricating a particular chassis is undertaken. 

Tests and Ratings. — Lubricants are tested and rated in accordance 
with certain tests: 

Viscosity. — This is one of the most important properties of an oil, 
and is used universally to grade lubricants. Viscosity is a measure of the 
resistance to flow or of the internal friction of an oil. Essentially it means 
“body”— a heavy oil having high viscosity and a light oil, low viscosity. 
The viscosity of an oil usually is specified as the time in seconds that it 
takes for a given amount of the oil to flow by gravity through a standard- 
sized orifice or hole at a given temperature. In the Saybolt Universal 
system universally used in this country, the hole is 0.1765 cm in diameter, 
the quantity of' oil is 60 cc, and the temperature usually is 100, 130, or 
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210 F, depending upon whether the oil to be tested is light, heavy, or 
medium. 

A very important characteristic o£ mineral oils is that the viscosity de- 
creases as the temperature rises, and increases as it falls. This explains 
why lighter oils are recommended for automobile engines in winter than 
in summer, and why engines are so hard to start in very cold weather. 
This is the reason also why oils are tested for viscosity at a specified tem- 
perature. 

Furthermore, all oils do not thin out or become less viscous at the 
same rate as the temperature rises. To take account of this factor, another 
means of rating oils called “viscosity index” is employed. In its use every 
lubricant is given a number to indicate the rate at which it thins out as 
temperatures rise, or at which it gets heavier as temperatures fall. The 
rate of change of viscosity between two temperatures, 100 and 210° F, is 
used as a basis for this value. The lower the rate of change, the higher 
the viscosity index. Pennsylvania oils have an average viscosity index of 
100; values for most other oils are lower. 

In practice lubricating oils usually are marketed by their SAE viscosity 
numbers, recommended by the Society of Automotive Engineers. The 
viscosity number of any crankcase lubricating oil is determined by the 
range of viscosities within which it falls at the given temperature. The 
following recommendations appeared in the SAE 1941 Handbook and are 
susceptible to revision at later dates: 


Viscosity Range, Saybolt Universal Seconds 


Viscosity 

Number 

At 130 Deg. Fain'. 

At 210 Deg. Fahr. 

Min. 

Max. 

Min. 

Max. 

10 

90 

Less than 120 



20 

120 

Less than 185 



30 

185 

Less than 255 



40 

255 



Less than 80 

50 



80 

Less than 105 

60 



105 

Less than 125 

10 



125 

Less than 150 


Every motor-vehicle manufacturer specifies certain SAE viscosities for 
use when operating in certain temperature ranges. In general, these 
recommendations range from SAE 10 to SAE 40 for operation in the 
coldest to hottest atmospheric temperatures. Specifically these recom- 
mendations cover four temperature ranges: lowest expected temperature 
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— io° F; lowest expected temperature io° F; lowest expected temperature 
32 0 F; and temperatures above go 0 F. 

In recent years the trend has been toward lighter engine lubricants, 
man y manufacturers specifying SAE 10 and 20 for the entire range of 
operating temperatures below go 0 F. Use of these lighter lubricants has 
been made possible by smaller bearing clearances and closer piston fits 
resulting from the more accurate and smoother surfaces obtained by 
modem production finishing operations. Some oil companies employ the 
designation “W” (meaning “winter") after the SAE viscosity number to 
denote that the viscosity of the oil will be low enough at o° F for satis- 
factory starting under severe winter temperatures. 

Specific Gravity. — This property is a measure of the density or unit 
weight of an oil. In general practice it is determined by a hydrometer 
which floats in the oil, and the gravity is read on the scale of the hydrom- 
eter at die surface of the oil. The scale used is the one recommended by 
the American Petroleum Institute, and the result is called the "API 
gravity." 

Flash Point and Fire Point. — The flash point is defined as the lowest 
temperature at which lubricating oil will “flash” when a lighted taper is 
passed across its surface. If the oil is heated further after the flash point 
has been reached, the lowest temperature at which the oil will burn con- 
tinuously is called the fire point. These two temperatures must be high 
enough in a lubricating oil so that the oil does not flash or burn in service. 
The flash point is the only one used commercially. 

Pour Point. — This property is defined as the lowest temperature at 
which a lubricant will pour. This characteristic must be taken into con- 
sideration because of its effect on starting an engine in cold weather and 
on free circulation of oil through exterior feed pipes when pressure is not 
applied. Oils for automobile use in die northern sections of the country, 
of course, would need to have lower pour points than those used in the 
South. 

Other tests are for carbon residue, as an indication of the carbon-form- 
ing tendencies of the oil; for acid by means of litmus paper; for color, as 
denoted by NPA numbers (National Petroleum Association); for emulsi- 
fication, as measure of its tendency to mix with water; for oxidation; and 
for corrosion. In making these tests the specifications recommended by 
the American Society for Testing Materials generally are followed. 

Gear lubricants! are graded according to SAE numbers, each number 
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representing a particular specification set up by the Society of Automotive 
Engineers. The lightest gear lubricant for modern cars is SAE 80 This 
is used for extremely cold weather conditions. SAE 90 is suitable for 
ordinary winter temperatures and, in some instances, is recommended for 
summer use. SAE 140 is a heavier type for normal summer use, while 
SAE 250 is an extremely heavy lubricant suitable only for very special 
conditions. 


Engine Lubricating Systems. — As explained in the introduction of 
this chapter, automobile lubricating systems are of the pressure or splash 
type. Pressure systems are of two types— the full pressure system in which 
the oil is supplied by pressure to the wristpins or piston pins thr ough 
holes drilled in the connecting rods, and the partial pressure system which 
does not have this feature and lubricates the wristpins by splash. These 
pressuie systems have replaced the splash system of lubrication until, in 
1941, only one line of American passenger cars was using the splash system. 
An important advantage of the pressure system over the splash system is 
the greater coaling effect obtained by the faster circulation of oil. 

Full Pressure System. — In this system, shown in Fig. 8.3, oil is sup- 
plied under a normal pressure of from 25 to 45 lb per sq. in., from the 
geared pump shown, directly to the main bearings. From the main bear- 
ings it is forced through holes drilled in the crankshaft to the connecting- 
rod bearings. From the connecting-rod bearings the lubricant is forced 
through holes drilled in the connecting rods to the wristpins. Leads from 
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Fig. 8.3— Full pressure system of lubrication 
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the main bearings, as shown, deliver oil under pressure from the main 
bearings to the camshaft bearings. In some designs the oil from one of 
the camshaft bearings goes through the oil filter. An oil jet is employed 
to lubricate the timing chain. Even in the full pressure system, the oil 
from the ends of the connecting-rod bearings is thrown up to lubricate 
the cylinder walls and cams. In this system, as in all systems, the oil is 
thrown to the loweT part of the cylinder walls where it is spread over the 
cylinder walls by the reciprocating pistons. The oil rings on the piston 
control this distribution, carrying the oil upward to the cylinder walls 
and wiping and draining off excess oil. Excess oil escaping from bearing 
ends and falling from pistons, cylinders, and so on, of course, is returned 
to the oil sump for recirculation. 

Partial Pressure System. — This system is virtually the same as the 
full pressure system except that the wristpins are lubricated by the oil 
which is thrown up to the wristpins by the motion of the crankshaft and 
connecting rods. Oil is forced under a normal oil pressure of from 15 to 
75 lb per sq in. to the main and connecting-rod bearings by a geared oil 
pump. Camshaft bearings receive pressure lubrication from the main 
bearings as in the full pressure system. Overflow oil from the connecting- 
rod bearings is thrown by centrifugal force to the cylinder walls, piston 
walls, wristpins, and cams. The overflow of the oil returns to the sump 
and is recirculated. 

Splash System. — This system is so named because virtually all parts 
are lubricated by the oil splashed from the ends of the connecting rods 
by centrifugal force as they dip into oil troughs at the bottom of their 
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stroke, as shown in Fig. 8.4. The splashing action creates a mist which 
reaches all parts to be lubricated. The ends of the connecting rods are 
provided with extensions or dippers which are hollowed out to catch the 
oil. As shown, the oil is pumped from the sump to small troughs under 
each connecting rod. Each trough is provided with an overflow which 
keeps the supply in each trough at the same level since an excess of oil is 
supplied. By this method oil is splashed to all engine parts to be lubri- 
cated— including main bearings, camshaft bearings, cylinder walls, pistons, 
wristpins, valves, timing gears, and cams. Oil is forced to the connecting- 
rod bearings by centrifugal force through holes drilled in the connecting- 
rod bearing caps, as shown in Fig. 8.4. Pockets are provided above the 
various bearings to catch the splashing oil and deliver it by gravity to the 
bearings below. In some designs oil is pumped directly to openings in the 
top of the main bearings. Overflow oil is returned to the sump by gravity 
for recirculation. 



Fig. 8.5— Gear-type oil pump showing pressure relief valve 


Oil Pumps. — The geared oil pump shown in Fig. 8.5 is used to supply 
oil under pressure to all pressure or force-feed systems in American pas- 
senger cars. It consists essentially of two meshed spur gears enclosed in a 
tight-fitting housing. One gear is attached to a shaft through which it is 
driven through suitable gearing from the camshaft or crankshaft of the 
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engine. The other gear is free to revolve or idle on its own bearings. The 
oil is drawn between the teeth of the gears from the inlet side, carried 
around between the gears and the pump housing, and forced out the out- 
let side, the meshing of the gear teeth in tire center preventing the 
passage of oil between the teeth in this location. It is apparent that, the 
higher the speed of the gears, the more oil is pumped and the greater 
the pressure in the system. 

The reciprocating plunger type of pump is employed to deliver oil 
under low pressure to the troiighs of splash systems. It is very much like 
an ordinary bicycle pump and is driven by gears from the camshaft with 
an eccentric cam to reciprocate the pump plunger. The plunger draws 
oil into the cylinder and forces it out to the parts requiring lubrication 
throu gh the action of ball valves. As in the case of the gear pump, the 
faster the engine revolves, the greater the amount of oil delivered by the 
pump. 

Pressure Gages and Pressure Relief Valves. — An oil pressure gage 
is mounted on the instrument panel of all cars provided with pressure 
engine lubrication. The gage piping is collected to the main engine 
supply line if the gage is a mechanical one. The mechanical gages are 
usually of the Bourdon type and utilize compressed air to transmit the 
oil pressure to tire gage mechanism. Electrical pressure gages have a unit 
attached to the main oil supply line. This unit is connected electrically 
with the gage on the instrument panel. 

Since the pressure in the engine lubricating system depends upon 
the speed at which the gear-type oil pump is driven, some means must 
be provided to keep the pressure from rising above desired values at high 
engine speeds. A pressure relief valve is included in every pressure system 
for this purpose. When the pressure rises above the value for which the 
spring in such a valve is set, the spring is compressed, opening the valve 
and permitting some of the oil to return to the sump, thus reducing the 
pressure. These valves often are placed in a bypass passage between the 
delivery and suction side of the oil pump. See Fig. 8.5, page 361. 

Oil-Level Gages. — The amount of oil in the crankcase of an engine 
is determined in most cars by means of a "splash stick," a long flat rod 
which dips into the oil through a tube at the side of the crankcase. When 
the rod is pulled out, the oil level of the crankcase is indicated by the 
topmost position of the oil adhering to the rod with reference to marks 
on the rod corresponding to various crankcase levels. The reading should 
be taken when the engine is not running and the car is in a level position. 
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Oil Filters—Although screens or strainers are provided at the intake 

™ * te°i p r pand at "> ptev^t: 

entrance of dirt and foreign matter to the oil system, separate oil fil 
ters are placed in the engine lubricating systems of many momr vehl 
■ Thr ° u S h *ese filters all or part of the oil in the system passes and 
small particles of dirt or grit that enter or are formed in the System are 
removed. For examples in some designs of full pressure systemjonly the 

theoTfan h° U h S "T" bearin S is ^ed. In most installations 

With fl f ™ byp r d arOUnd the filter when the latter becomes filled 
with dirt These filters are of several designs. One type consists of a 

sealed metal container with a cloth filter element through which the oil 
is passed. The foreign material is collected and held in the cloth element, 
on y the clean oil passing though. In other types the oil is forced through 
fine-mesh metal or metal ribbons wound in the form of a helix. Filter 
manufacturers recommend that filter elements be renewed at from 8000 
to 10,000 miles of operation in clean operating conditions, these periods 
o e re duced accordingly in dusty or dirty operating conditions. Some 
types of filters do not require renewal, but merely periodic cleaning Oil 
filters are furnished as standard equipment on many cars, and are 00- 
tional on the remainder. 1 


Oil Temperature Regulators.— Since one of the most important func- 
tions of the engine lubricating oil is to cool the bearings and other rub- 
mg parts, any device which will keep the oil as cool as possible will add 
to the efficiency of lubrication. Partly for this reason oil coolers are in- 
cluded in the engine lubricating systems of some passenger cars. 

Oil coolers are essentially small radiators mounted on the side of the 
engine. Water from the main engine cooling system is circulated through 
the tubes in one design, and the oil flows around these tubes. It is evident 
that these oil coolers actually will heat the oil during starting as the 
water heats up faster than the oil, and will not cool the oil until the oil 
temperature tends to become higher than that of the water, as occurs dur- 
ing high-speed operation. For this reason these devices are more correctly 
termed "oil temperature regulators” by some manufacturers. By keeping 
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the oil temperature within a narrower range, it is obvious that friction is 
lessened and efficiency increased. 

Oil Breather —An opening of the engine lubrication system to the 
outside air is necessary to prevent excess pressure from building up in 
the lubricating system, and to provide an inlet for crankcase ventilation, 
This opening is called a “breather" and usually is combined with the oil 
filler tube. To prevent air leaving the crankcase from taking oil with it, 
baffles are provided in the breather tube. An air cleaner or strainer often 
is supplied at the breather mouth to prevent die entrance of dirt into 
the crankcase. 

Crankcase Ven tila tion.— Dilution of the lubricating oil in the engine 
crankcase with water and gasoline is likely to occur unless some means is 
provided to prevent it. The water may be condensed from water vapor 
in the crankcase air when the engine is stopped and the crankcase allowed 
to cool. Much of this water vapor may be a byproduct of combustion in 
the cylinders that has leaked through the piston rings into the crankcase. 
The gasoline also finds its way into the crankcase oil by slipping past the 
piston rings in the form of "blowby," particularly when the carburetor is 
being "choked” to assist cold-weadier starting. If either the fuel or oil 
contains 'ulfur, sulfuric acid may be formed by such dilution. This acid 
causes corrosion of the crankcase metals as does water if either or both 
are allowed to collect and remain in the crankcase. 

Crankcase ventilation is employed in many automotive engines to 
minimize this dilution. This ventilation consists in passing through the 
crankcase a constant stream of air which picks up and carries away most 
of die fuel vapor and water vapor before they can condense out and dilute 
the oil. 

Air is drawn into the crankcase through the breather and is discharged 
through an outlet near the rear of the cylinder block. The suction devel- 
oped by the moving pistons, the fanning action of the rotating crankshaft, 
and/oT the forward motion of the car are utilized to circulate the air 
through the crankcase. 

Equipment Not Lubricated by Engine System. — Separate means are 
provided for lubricating the water pump and fan, starter and generator, 
and distributors. The types of bearings and lubrication recommended 
for water pumps and fans vary widely. Sealed ball bearings packed in 
grease, and porous bronze plain bearings lubricated by grease cups con- 
taining special water-pump grease are two of the methods commonly used 
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Generators usually are provided with ball bearings on the drive end 
which require lubrication with a few drops of light oils at regular but 
infrequent intervals. Babbitt or bronze bearings lubricated from grease 
cups sometimes are employed on the commutator end of the generator. 
Starting motors, being used for short periods only, usually are fitted with 
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babbitt, bronze, or "oilless” bearings, Usually the upper shaft bearing 
of the distributor requires separate lubrication. The construction of this 
bearing and the lubrication recommended vary widely among different 
motor cars. 

Chassis Lubrication. — The lubrication of the different parts of the 
chassis has already been discussed in conjunction with the description 
and explanation of their operation. Fig. 8.6 will serve as a summary of 
the features of chassis lubrication discussed in earlier chapters. 

Causes of Engine Lubrication Trouble. — Failure can occur in only 
two ways in engine lubricating systems-in the pump itself, which seldom 
gives trouble, and in the oil lines leading to and from the pump. 

If it is suspected that the pump is out of order, it should be removed 
and tested by turning the pump shaft by hand with the inlet line in oil 
and noticing whether oil comes from the outlet line. In time the oil pump 
gears or plunger may wear, necessitating overhaul of the pump. The 
pump is removed from the engine as a unit. The spur gears inside the 
pump may be pressed from their shafts and replaced with new ones if 
necessary. When the pump is disassembled, all the parts should be cleaned 
thoroughly in gasoline. The intake screen, which collects sludge and 
particles of dirt and grit held in suspension in the oil, also should be 
cleaned. In reassembling, care should be taken that the drive gear is 
pressed on the correct distance given in the factory specifications so that 
there will be the proper amount of end play to the pump shaft. 

If the pump is found to be in good condition but the oil still does 
not get to the bearings, blow out with compressed air all oil lines that 
can be removed from the engine, If it is found that these lines are not 
clogged, it will be necessary to remove the engine from the car, take it 
apart, and clean all the oil passages in the crankshaft, connecting rods 
and cylinder block. This last procedure, of course, would be followed 
naturally since, if the oil lines are clogged, the bearings probably would 
have been damaged or burned for lack of oil, and the engine would be 
removed to do a thorough job. 

If the oil gage on the instrument panel shows that the pressure is too 
low, the car should not be run until the trouble is located. It may be 
that there is not .enough oil in the oil pan, or that there is a loose connec- 
tion in the oil line supplying the pump, or in the discharge line. Low 
oil pressure also may be a sign of excessive clearance in the bearings, 
causing rapid oil leakage from the bearing ends; hence, a test for leaky 
bearings can be made with a pressure oi] leak detector. 
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Oil pressure that is too low or too high also can be caused by the relief 

nrnv^ SP J 7 S k ems . t0 ° weak or t0 ° strong. On some cars a method is 
P e or lessening or strengthening the spring pressure to bring the 
01 pressure to factory specifications. On most cars, however, a new spring 
e installed to produce the correct pressure. Shims or gaskets, added 

r fro . m the relief valve spring retainer, are employed to cor- 

rect the pressure in other systems. 

additi ° n t0 l0 ° Se main or connec ting-rod bearings, high oil con- 
ption may be due to: tapered or out-of-round cylinders; worn piston 
rings; worn oil seals at front or rear main bearings; a clogged oil return 
pipe at rear main bearing; a worn rear camshaft oil seal; a clogged oil 
Dreather; clogged oil return from the distributor; leaky fuel pump vac- 
uum booster diaphragm which sucks oil from the crankcase through to 
tie intake manifold; excessive clearance in. the intake valve guides; 
ro en or improperly installed oil pan, valve cover, or timing-gear cover 
gaskets; loose connections in oil-filter lines; excessive oil pressure; and 
cylinder distortion due to improper tightening of the cylinder-head nuts. 

are must be taken in replacing oil pumps that are driven by the same 
shaft through which the ignition distributor is driven. Since the drive 
g-ear for both units is on the oil pump, it is necessary to re-time the igni- 
tion when replacing such pumps. 

The period between oil changes depends to a great extent on the type 
of roads and territory where most of the driving is done, and on the 
amount of driving done at one time. A car that is not driven much and 
does not get a chance to “warm up.’’ should have the oil changed oftener 
than one that is warmed up and driven continuously for long periods. 
Water that is formed as a byproduct of engine combustion or condensa- 
tion of water vapors in the crankcase will collect in the oil pan unless it 
is vaporized and carried away by the crankcase ventilation. This water 
tends to rust the engine parts and should be drained off with the oil. 
Dusty roads will fill the oil through the breather with particles that get 
in the bearings and cylinder walls and act as an abrasive unless removed 
by air filters or oil filters. Before draining the oil, the engine should be 
warmed up so that the oil will flow out the drain plug more easily. 


QUESTIONS 

. *• is lubrication the most important phase of automobile main- 
tenance? 

a. How does engine lubrication differ from chassis lubrication? 

3. What type of bearing utilizes sliding friction? Rolling friction? 
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4. Explain the function of a lubricant. 

5. Why must a good lubricant have adhesive qualities? 

6. What lubricating qualities are determined by the cohesion of the lubri- 
cant? Explain. 

7. List all the functions performed by the lubricating oil in an engine. 

8. What factors determine the force of friction between two surfaces? 

9. Explain the energy change that takes place in a bearing as it warms up 
under load by the rotating shaft. 

10. What is the ‘‘hydrodynamic’’ theory of lubrication? Explain. 

11. Why are mineral oils used almost exclusively for engine lubrication? 

13. Distinguish between “naphthene-base" oils and "paraffin-base" oils. 

13. What are the properties and uses of gear lubricants? 

14. Why are some types of chassis lubricants called "high-pressure greases"? 

15; Expl ain the Saybolt Universal system of measuring the viscosity of 

an oil. 

16. Why is the viscosity index of an oil important? 

17. How are the SAE viscosity numbers of lubricating oils determined? 

18. Explain why a lubricating oil should have a high flash point. 

19. Trace the path of the oil from the oil pump back to the sump in the 
full pressure system shown in Fig. 8.3. 

30. How does a partial-pressure oil system differ from a full-pressure sys- 
tem? 

si. How can a splash system engine be recognized from an examination of 
the oil pan? 

33- Explain the operation of the geared oil pump shown in Fig. 8.5. 

33. Why are oil pressure relief valves needed in pressure oil systems? Ex- 
plain their operation. 

34. What is the function of an oil filter? 

35. Why do filter elements have to be replaced periodically? 

36. Explain how crankcases are ventilaled. 

37. Why is crankcase ventilation important? 

38. Outline the two causes of engine lubrication failure and their remedies. 

39. List all the possible causes of high oil consumption. 

30. Explain all the factors which should determine the period between oil 
changes. 


SUGGESTED PROJECTS 

1. A device for demonstrating the relative viscosity of oils may be made 
by filling some long glass tubes or test tubes with oils of different viscosities. 
An equal air space should be left on the top of each tube before it is sealed. 
If the tubes are fastened in a frame so that they are all inverted simultane- 
ously, the relative rates at which the bubbles of air rise in the oils will serve as 
a measure of their viscosities. 

3 . Many service stations have large "Chek-Charts” similar to Fig. 8.6. A 
visit to such a station will show how they are used as a guide in the lubrication 
of a motor vehicle. 



UNIT NINE-SAFETY 


CHAPTER 

SAFETY 

Safety in motor-vehicle operation depends upon the operator, the 
vehicle, and the highway. Operators should be responsible for both safe 
driving and the condition of their vehicles. A driver of a motor vehicle 
assumes a great responsibility not only for the safety of his passengers 
but also for that of all pedestrians who may approach his vehicle. If his 
physical condition and the condition of his vehicle are allowed to fall 
below the standards required for safe operation, property damage, human 
suffering, and loss of life may result. 

A driver should be properly licensed for the type of vehicle he is to 
operate. Knowledge of local traffic laws is a prerequisite for the safe opera- 
tion of any vehicle. Applicants whose vision, hearing, emotional stability, 
or age do not meet certain minimum essential standards cannot receive 
licenses in most states. Temporary physical conditions, such as fatigue or 
intoxication, make a driver as great or even a greater menace than one 
incapable of driving. These conditions have been the causes of many 
fatal accidents, and measures to prevent them can hardly be made too 
severe. 

No motor vehicle should be driven unless its controls are in safe op- 
erating condition. Daily inspection by die operator is a sure mediod of 
avoiding the hazards that arise from defective parts. Very few mechanisms 
on a car wear out or become defective suddenly. They usually give signs 
of wear or neglect long before they become dangerous. It is the responsi- 
bility of the driver to arrange for the repair or replacement of these future 
sources of trouble before an accident or breakdown occurs. This practice 
is known as “preventive maintenance." It is not only the safest, but also 
the most economical practice. 

Proper operation of a motor vehicle can keep wear to a minimum and 
reduce the hazards that arise from it. 

Starting Practice.— Long-continued cranking of the engine by the use 
of the starting motor serves to discharge the battery rapidly and, there- 
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fore, to shorten its life. No starting motor should be operated continu- 
ously for periods greater than 10 or 15 sec. The clutch should always be 
disengaged when starting the engine; otherwise the starting motor must 
bear the added load of turning the transmission gears, or even of moving 
the car if the transmission is in gear. If an engine does not start after 
being cranked over several times, there probably is something wrong in 
the engine. The most common sources of starting trouble and the easiest 
to repair lie in the fuel-feed and the ignition systems. These systems 
should be checked carefully and their correct operation insured before 
the engine is cranked again. 

Some cars are equipped with a hand-operated choke control. This 
control should not be held out longer than is necessary to start the engine. 
Prolonged use of the choke tends to flood the carburetor and dilute the 
lubricating oil with gasoline. An engine that is just starting should be 
kept running as slowly as possible until it has reached its correct operat- 
ing temperature. Great damage can be done by racing a cold engine be- 
cause of the excessive wear produced on cold under-lubricated parts. 

Operating Practice.— A motor vehicle should always be operated at a 
speed that is recognized as safe in terms of road, weather, country, traffic, 
and load conditions. Moderate speeds, in general, provide greater engine 
life than do high speeds. Moderate speeds also provide greater economy 
of operation than do excessive speeds. Proper use of the gear shift will 
insure the placing of a minimum of strain on the engine, the power 
train, and the braking system. 

An engine is operating under undue strain if it cannot accelerate the 
vehicle or maintain its speed at a constant rate. The operator should 
shift to a lower gear as soon as either of these conditions becomes evident. 
The best gear for any condition is the one that permits the engine to 
increase the speed of the vehicle at the slowest engine speed. 

Proper use of the engine compression as a brake can reduce the wear 
and strain on the regular brakes. If a stop is anticipated along level roads, 
the operator can remove his foot from the accelerator pedal long before 
the vehicle reaches the stopping point. Experience will help to determine 
just when the pedal can be released without causing the vehicle to stop 
too soon. In this way the force necessary to stop the vehicle can be pro- 
vided mostly by the compression and friction of die engine instead of 
completely by the brakes. On a down grade the braking action of the 
engine can be increased by the use of a lower gear. The proper gear is 
the one that allows the vehicle a minimum of acceleration. This choice 
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hfnltS nd T n thC S1 ' ade ° f the hil1 and the load. The vehicle should 
be placed in the proper gear before it begins to accelerate down the hill 

Experience and road signs, which often recommend the proper gear, are 
a great help m this operation. Brakes are then used to supplement the 
raking action of the engine. The ignition should always be kept on 

wlien using the engine as a brake so that the engine can be accelerated 
immediately if necessary. 

The clutch pedal is depressed when shifting gears and just before the 
vehicle stops to avoid stalling the engine. “Riding the clutch” consists of 
resting the Loot on the clutch pedal during the operation of the vehicle. 
This practice causes undue wear and strain on the clutch mechanism and 
facing and results in early failure. 

. When a vellicle is brought to a stop, the motor should be shut off 
immediately and the parking brake applied. When stopping on a hill, 
parking at a slight angle enables the wheels to rest against the curb and 
thus increase the factor of safety against the vehicle's rolling down the 
incline. 

Proper Loading.— The loading of a motor vehicle, especially a truck, 
is an important factor in its safe operation and the protective maintenance 
of that vehicle. Loads that protrude over the side, that are piled too 



Fig. g.i— Proper and Improper loading 
(Army Manual TM10-460) 


high, that are not distributed uniformily, or are allowed to shift can and 
do cause serious accidents. Every vehicle has a maximum authorized load. 
Trucks usually carry plates that state their carrying capacity. If this ca- 
pacity is exceeded, the supports, controls, engine and power train of the 
vehicle may be overloaded so severely as to cause dangerous failures. Fig. 
g.i shows one of the effects of improper loading. 
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Avoiding Accidents.— Many accidents are directly the result o£ opera- 
tor carelessness. Operators who fail to keep their eyes continually on the 
road, who are always talking to others while driving, or are fatigued from 
driving or other cause, are more likely to have an accident than are those 
who avoid these conditions. Obstructions to front or rear vision also in- 
crease the possibility of an accident. The number of accidents that occur 
at night is far greater proportionately than the number of daylight acci- 
dents. Poor visibility and headlight glare seem to be the two principal 
reasons for this difference. Poor visibility is chiefly the result of "over- 
driving the headlights.” This expression means that cars are driven so 
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fast that they cannot be stopped within the limited distance illuminated 
by the headlights. The only practical remedy for this condition is reduced 
speed for night driving. 

Headlight glare tends to blind the driver of the oncoming car and 
makes the operation of all vehicles in that vicinity unsafe. Safety, road 
courtesy, and common sense all require that a driver switch to a lower or 
“passing” beam whenever another car comes in sight. This rule is espe- 
cially important since the introduction of sealed-beam headlights with 
their brighter “country" beams which maintain their full brightness for 
a long time. Furthermore, some drivers can be blinded from the head- 
lights of a following vehicle because of the reflection from the rear mirror 
visor. This condition can be avoided by keeping the distance between 
vehicles as large as possible when the upper or "country” beam is being 
used. 


Rules of the Road— Certain road rules have been established to pro- 
mote safety. National and local regulations are promulgated to fit special 
conditions. Complete familiarity with these laws is one of the responsibil- 
ities of the operator. Speed laws, traffic lights, right-of-way turns, parking 
and signaling are all phases of correct motor vehicle operation. 

The relationship between speed and safety cannot be too strongly em- 
phasized. Fig. 9.2 shows graphically how rapidly the distance traveled by 
a vehicle before it can stop, increases with increase in speed. 

The use of hand signals helps to reduce accidents. They do not, how- 
ever, remove the driver’s responsibility for continued caution in the 
operation of his vehicle. Figs. 9.3, 9.4, and 9.5 show the generally accepted 



Fig, 9.3— Hand sig- 
nal for right turn 



Fig. 9.4— Hand signal 
for left turn 
(Array Manual TM 10-460) 



Fig. g, 5— Hand signal 
for slow or stop 
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hand signals, executed with the left hand by the driver. Flashing direc- 
tion signal lights, as described in a previous chapter, are also used to 
signal turns. They are especially effective during night driving. 

The sounding of the horn or the flickering of the headlights are the 
usual rules for indicating intent to pass a vehicle moving in the same 
direction. Safe and unsafe highway conditions for passing are generally 
indicated by road signs or road markings. 

Military Driving— When military vehicles are driven in a motor 
march column, the column commander controls the speed, distance be- 
tween vehicles, routes, traffic precautions, and other details. He is assisted 
by his officers and non-commissioned officers. This procedure does not 
relieve the drivers of the individual vehicles of responsibility for the 
safety of their own vehicles and passengers if any. They are expected to 
observe every safety precaution that does not conflict with the orders of 
the column commander. 

In the absence of orders from the column commander, the drivers are 
directed to obey all local, state or military traffic regulations, traffic signs, 
and signals. 

Military vehicles are designed so that they can operate in difficult ter- 
rain as well as under good road conditions. Special equipment such as 
all-wheel drives, auxiliary transmissions, winches, and chains previously 
described enable a military vehicle to cover hilly country, move through 
mud and sand, ford streams and swamps, and overcome other difficulties 
that would stall ordinary vehicles. The operators of these vehicles must 
be skilled in the use of this special equipment, as well as trained in utiliz- 
ing local conditions to make a passage of their vehicle possible. 

In a real or imaginary theater of operations (area in which a military 
campaign is conducted), special regulations are issued. These regulations 
vary greatly, but an attempt is always made to have as few of them as 
possible. Under these conditions military police ai'e stationed at cross- 
roads and junctions. Their instructions are supplemented by signs that 
are posted to give special information, to direct one-way traffic, and to 
arrange for the movement of vehicles during certain hours only. In 
foreign countries it is sometimes necessary, to avoid confusion, to follow 
the traffic rules of these countries. 

Blackout driving is controlled by a system of lights of different bright- 
ness that are attached to the front and rear of each vehicle. The rear 
blackout lamp has four parts which appear as one at a distance of 1 80 ft 
or more. At distances less than 180 ft but more than 60 ft, two points of 
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light can be seen. At 60 ft or closer, four points of light appear. This 
arrangement enables the driver of the following vehicle to estimate the 
distance between vehicles without actually seeing the vehicle ahead. In 
order to estimate the distance of an approaching vehicle, front blackout 
lamps are used. These lamps are divided into two parts. At a distance of 
60 ft or more, one light appears; at less than 60 £t, two lights are visible. 

Accidents. Accidents occur in spite of all precautions. Any injury to 
a person or animal or property damage is usually considered to be an 
accident. All accidents should be investigated in order to determine the 
cause and thus help to prevent further accidents. First aid to an injured 
person is the immediate duty of the operator of a motor vehicle involved 
in an accident. An ambulance and doctor should be summoned immedi- 
ately by messenger, telephone, or other means. In motor-vehicle acci- 
dents suitable precautions against fire from burning spilled gasoline 
should also be taken. It is best to summon the proper authority, such as 
the fire department the civil police or the military police as the need may 
be, as soon as possible. 

These authorities will usually keep crowds away and arrange for the 
removal of the disabled vehicles, and the injured people if not already 
removed by an ambulance. It is the next duty of the operator to secure 
information for his accident report from witnesses to the accident before 
they can get away. Fig. g.G shows a form used by the U. S. Army for acci- 
dent reports. It is similar to the forms used by insurance companies. 


QUESTIONS 

1. What qualifications should a motor vehicle operator have before he is 
licensed? 

8. Explain why an operator should be held responsible for the condition 
of his vehicle. 

g. What are the essentials of good starting practice? 

4. Explain the relationship between speed and engine life. Speed and 
operating economy. 

5. How can a motor vehicle operator tell whether or not he is using the 
proper gear? Explain. 

6. Outline the conditions under which the compression and friction of 
the engine can be used as a brake. 

y, Explain how “riding the clutch” produces rapid wear of the clutch 
operating mechanisms and facing. 

8. How does improper loading make the operation of a vehicle unsafe? 

g. What driver habits help to produce accidents? 

10. Explain the term "overdriving the headlights." 

11, How can headlight glare be reduced to a minimum? 
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fltandard Form No. 28 
Approved by tbe President 
June 10, 1027 


DRIVER'S REPORT— ACCIDENT 

MOTOR TRANSPORTATION 


INSTRUCTIONS TO DRIVERS 

la ease ot injury to person ot damage to property: 

A. Stop car and render such assistance as may be needed. 

B. Fill out this form, ON THE SPOT, so far as possible. 

C. Deliver this report promptly to your immediate superior. 

Failure to observe these instructions will result in disciplinary 
action. 


1. Name of Government driver : 

*fzf„.Q.Q.Q.9..9.£ 

2, Stationed at — 

8. Make and typo of Government vehicle 



4. Service number.. 

6. Name and address of owner of other vehicle (or owner of 
property damaged ) 

/ 0 

6. Name and address of driver of other vehicle dQjttOtMijiUf... 

iT.&dfcM $ 

’I. License of other vehicle : State MiL zJ J tetL 

No. 4.>.Z....6 .j3..£! 

8. Piece of accident ; City 

Street ui£". ... 

00—1810 

Fig. 9,6— Typical driver’s accident report used by 
U. S. Army 

(Army Manual TM 10-460) 
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9. Date of accident m*CL. Hour&$.£s£ 

10. Names and addresses of persons injured; nature of injuries: 
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IS. What signal was given by each driver prior to accident? 

14. BtMe* canSufSnM light, weather, aifd roadway : ...' 



15. Explain f »ow i accident happened: $AdA.£.A3*AArf..« - 

<44ta£UA4>jd«!Mefe..<^^ 


16. Label streets and Indicate measurements ; show the position 
of each vehicle at the time of the accident and show by 
dotted lines the course of each vehicle Just before ana 
just after the collision. 



1Q-1SJ" 
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17. Wa« as Investigation made ijft a policeman (civil or mill- 

tary) ? .'&LXA*... — ... It 8(>| state 

Name No. _ 

Precinct or station _ 

18. Nemos and addressee of persons other than driver In Gov- 


ernment car: 




, 


!'•••«••( 


18. Names and addresses of othefr wltnesBes : 





'•••Si 


J&-* 

(/ (Signature of driver) 

I certify that the above report was delivered to me on 
the ...£-rz. day of ,, 19 t£L+ 


at 52 — : 


f’3S 


day of /ZZAAL — 

o’clock 


xJ. 

(Signature of officer In charge) 



ft (Official title) 



(Government department or establlstament) 

NOTE.— This report should be attached to report of Investigating Oflcer. 
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12. Explain the meaning of the term "average reaction lime" used in 
Fig. 9.2. 

13. What is a motor march column? How is it controlled? 

14. How are military vehicles made to move through difficult terrain? 

15. Outline the methods of traffic control in a "theater of operations." 

16. Explain the operation of a rear blackout lamp. 

1 7. Why are front blackout lamps also used? 

18. What is the first duty of the operator of a vehicle involved in an acci- 
dent? 

19. Why is it best to summon the proper authorities as soon as possible? 

20. What are the essential features of a satisfactory accident report? 


SUGGESTED PROJECTS 

1. Construct a table similar to Fig. 9.2 when the average reaction time is 
2 sec. 

2. Visit the accident ward of the nearest hospital. Find out the percentage 
of patients that received injuries as a result of motor vehicle accidents, Inter- 
view some of the patients and get their stories on "how it happened," 
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Accelerating-Pump 
In carburetor, 235, 236, 239 
Accident 

Avoiding, 372-373 
Report Form, 376-379 
What to do in an, 375 
Ackerman Steering, 22 
Adhesion, 351 
Adjustment 
Valve timing, 102-103 
Air Brake, 49 
Air Cleaner 
For carburetor, 255 
Air-Fuel Mixtures, 225, 226 
Requirements, 226 
American Petroleum Institute, 358 
American Society lor Testing Mate- 
rials, 358 
Ammeter, 281 
Ampere, 277 
Defined, 278 
Ampere-hour, 287, 288 
Anodizing, 87, 88 
Anti-Freeze Mixtures, 208, 209 
Antiknock gasoline, 220, 221 
Arm, steering, 18, 27, 28 
Assembly, vehicle, 6 
Automatic 

Timing advance in ignition, 330- 
333 

Automatic Transmission 
Hydramatic drive, 168-170 
Torque converter, 170 
Atomization, 225 

Automobile, Electrical System, 301 
History of, 1-4 
Operation of, 5 
Axle 
Bogie, 20 
Clearance, 31 
Dead, 17, 18 


Front, 17-19, 184, 195-199 
Full-floating, 186, 187 
Housing, 184, 185 
Live, 184 
Rear, 184-190 
Assembly Seivice, 187-190 
Lubrication, 190, 191 
Semi-floating, 185 
Three-quarter floating, 186 

Backing plate, 43 , 45 , 55 
Balance 

Crankshaft, 91, 92 
Dynamic, 91, 92, 106 
Engine, 106 

Mechanical, 106, 112, 114 
Static, 91, 106 
Tests, 91, 92 
Balloon tire, 58, 59 
Bar, tie, 18 
Bars, sway, 16, 20 

Battery, Storage-see Storage Battery 
Bearings 

Ball and roller, 192-194 
Connecting rod, Repair, 121 
Engine 89-91, 121, 125, 191, 192, 
352 . 353 

Functions of, 191 
Insert, go, 122, 192 
Lining, 89, 90, 91 
Lubrication, 32, 33, 352, 353 
(see also lubricating system, en- 
gine) 

Main, 91, 192 
Needle, 178, 179 

Plain, Construction and use, 191, 
192 

Oilless, 366 
Repair, 125 
Shims, 90, 126 
Types, 191-194 
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Bendix Drive, 303, 304 
Blackout driving, 374, 375 
Block, cylinder, 85 
Bogie axle, go 
Bodies 

Glassification of passenger, 65, 66 
Construction, 64, 65 
Features of passenger, 64-66 
Truck, 66-69 
Brakes 
Air, 49 

Boosters or power units on, 50, 51 
Construction, 39-42, 45-48 
Drum, 40, 44-47 
Electric, 51 
Emergency, 44, 48 
External contracting, gg 
Fluid for hydraulic, 44 
Hill-holders on hydraulic, 51 
Hydraulic four-wheel, 41-4.8 
Hydraulic, principle of operation, 
41, 42 

Internal expanding, 40, 45 
Lining, 40, 46 
Lubrication, 51, 52 
Master cylinder, 44, 47 
Mechanical four wheel, 41 
Military truck, 51 
Parking, 44, 48 
Principles of operation, 39 
Requirements, 52 
Service, 44 
Servicing, 52-54 
Troubles in, 53, 54 
Wagon, 39 

Wheel cylinder, 44, 45, 48 
Bushing, In piston assembly, 89 
Bypass recirculation, In liquid cool- 
ing system, 205, 206 

Cab, truck, 66 
Cam 

Angle, 330 

Ignition distributor, 326, 327, 329, 
33 ° 

Operation, 96, 326, 327, 329, 330 
Valve, 94, 96 


Cam-and-double lever steering gear, 
25 

Camber, 29, 30 
Camshaft 

Construction of, 96 
Operation, 96 
Repair, 128, 229 
Timing gear, 96 
Wear, 228, 129 
Candlepower, 340 
Carbon, 213 
Dioxide, 214 
Monoxide, 214 
Carburetion 
Compound, 243 
Diesel, 243 
Carburetor 

Accelerating-pump circuit, 235, 236, 
239 

Air bled jet, 232, 239, 240 
Air cleaner, 255 
Automatic choke, 236-240 
Auxiliary air valve, 241, 242 
Choke circuit, 236-240 
Compensating devices, 241 
Concentric, 229, 230 
Compound jets, 242, 243 
Downdraft, 229, 230, 240, 241 
Dual, 230, 239, 241 
Eccentric, 229, 230 
Economizer, 232, 24.0, 241 
Float circuit, 231 
Mechanism, 226 
Function of, 225 

Function of compensating devices 
in, 228 

High-speed circuit, 233-235, 239, 
240 

Hot Spot, 256 

Low-speed circuit, 231-233, 239 

Metering system, 233-235, 240, 241 

Modern, 230, 231 

Power jet, 24.0, 241 

Servicing, 243-246 

Simple plain tube, 226-229 

Single, 230, 242 

Throttle, 227, 228, 232 
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Updraft, 329, 230 
Valve, inlet, needle type, 226, 231 
Venturi, 227, 234 
Caster angle, 30 
Center of gravity 
Defined, 8 

Location for stability, 9 
Of frame, g 

Centrifugal Governor, In distributor, 
33°. 33i 

Chain, Timing, 97, 103 
Chains, For tires, 61, 62 
Charles’ Law, 75 
Chassis 

Lubricants, 355, 356 
Lubrication, 365, 366 
Subdivisions, 7 

Chemical aclion, In storage battery, 
288, 289 

Chemical change, 213 
Choke 

Automatic, 236-240 
Function of, 236 
Circuit breaker, 346 
Clearance, Valve, 93, 103 
Clutch 

Adjustment, 145, 146 
Assister spring, 141 
Automatic, 142 
Conical spring, 140, 141 
Diaphragm, 140, 141 
Dog and spline, 142 
Driven member, 136 
Driving member, 136 
Dry plate, 136 
v Function of, 135 
Linkage, 137, 138 
Location, 135 
Lubrication, 143 
Operating mechanism, 137-140 
Overrunning, 304, 305 
Plate, 138, 139 
Pressure plate, 138, 140 
Principles of operation, 135 
Riding the, 371 
Semi-centrifugal, 140 
Trouble, 144, 145 


v.- Types, 136 

Use with fluid flywheel, 142, 14a 
Wet plate, 136 
Cohesion, 351 
Coil, Ignition, 325, 326 
Induction, 299 
Coil springs, 16 

Coincidental starter switch, 309 
Combustion 
Chemistry of, 213 
Products of, 214 
Combustion analyzer, 214 
Commutator 
Generator, 294 
Motor, 274 
Compound, 213 
Compression 
Gage, 125, 127, 128 
Ratio, 80, 81 
Rings, 88 
Condenser 
Construction of, 298 
In ignition system, 328, 334 
Operation, 275 

Use with induction coil, 298, 299 
Conductor, 275, 279 
Connecting Rods 
Alignment, 122 
Bearing insert, 122 
Bearing repair, 121 
Clearance, 122 
Construction, 89, 90 
Operation, 117, 118 
Repair, 122, 123 
Controls, operating, 64 
Coolant, 201 
Cooling System 
Air, 201, 202 

Bypass recirculation, 205, 206 
Closed pressure, 207, 208 
Function of, 200, 201 
Liquid, 202-206 
Service, 209-211 
Thermo-syphon, 208 
Crankarm, 92 
Crankcase 
Construction, 103 
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Oil dilution minimized, 364 
Rust in, 367 
Ventilation, 364, 367 
Crankpin, gs 
Crankshaft 
Balance, 91, ga 
Bearings, 91 
Construction, 90-92 
Eight-cylinder engine, 118, 119 
Journal; go, 9 a 
Left-hand, 115, 116 
Repair, 125 
Right-hand, 115, 116 
Six-cylinder engine, 115 
Testing, 126 
Vibration, 107, 108 
Vibration damper, 107 
Crank throw, 91 

Current regulator, Vibrating, 318-320 
Cut-out, Generator, 311, 312, 317, 318, 

3*9 

Cycle, engine, 76-79 
Cylinder 

Arrangement, 82, 83 
Block, 85 
Head, 85 
Tightening, 130 
Master brake, 44, 47 
Repair, 129, 130 
Wall, 85, 86 
Repair, 124 
Wear, 124 

Wheel brake, 44, 45, 48 

Dashboard Instruments, 347 
Diesel Engine, 73 
Differential 
Adjustment, 190 

Construction and function, 182-184 
Front and rear axle, 196, 197 
Lubrication, 190, igi 
Types, 183, 184 
Direction Signals, 346, 347, 373 
Discharge tester, For storage battery, 
290, 291 

Distributor, Ignition, 326-328 
Dog clutch, In transmission, 157, 162 


Drives 

All wheel, 195-199 
Final 

Function and construction, 181, 
182 

On military vehicles, 194-198 
Four wheel, 195-197 
Propeller shaft 
Hotchkiss, 177 
Torque tube, 16, 177 
Six-wheel, 197-199 
Driving 

Blackout, 374, 375 
Military, 374, 375 
Safe, 369-374 
Dynamic balance, 91, 92 

Economizer, 232, 239, 240, 241 
Efficiency, Mechanical 
Defined, 74 
Examples of, 74 
Efficiency, Thermal, 74 
Elasticity, 12 
Electric current, 276 
Heating effect, 283 
Electric cells 
Explanation of, 285, 286 
In parallel, 282 
In series, 282 
Electric circuits 
Explanation of, 276-278 
Parallel, 281, 282 
Series, 281 

Electrical system of automobile, 301 
Electricity, Static, 275 
Electrolyte 
In simple cell, 285 
In storage cell, 286, 288-290 
Electro-magnet 
Applications of, 274 
Construction of, 272, 273 
Horseshoe, 273 
Polarity rule, 271, 272 
Strength of, 273 

Electro-magnetic induction, Principles 
of, 291, 292 

Eleclro-magnetism, 270-273 
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Electromotive force. Need for, 385 
Sources of, 385 
Electrons, 275, 376 
Element, 313 
Engine 

Balance, gi, 93, 106, 108, log, 119, 
130 

Classification of four-stroke-cycle, 
81-83 

Combustion, g8-ioo, 213, 214 
Compression 

Adjustment, 343, 344 
High, 331, 332 
Loss, 124 
Ratio, 80 

Design and construction, 81-83, 85— 
96, 103, 104 
Diesel, 73, 83 
Eight cylinder, 117 
Firing order, 108, 109, 115-119 
Service, 119, 120 
Four cylinder, 113-115 
Four stroke cycle, 78, 7g 
Gasoline, 74-80 
Head, 82, 85 
Horsepower testing, 79 
In-line, 117, 119 
Internal combustion, 73 
Lubricants, 354, 355 
Lubrication, 359-361 
Mounting, 104 
One-cylinder, 112 
Operation, 370, 371 
Pancake or horizontal opposed, 83, 
83 

Power overlap, 109, 110 
Principles of operation, 73-83 
Six-cylinder, 115 
Sixteen-cylinder, 119 
Starting (see starting motor), Prac- 
tice, 369, 370 
Twelve-cylinder, 119 
Two-Cylinder, 112 
Two-slroke-cycle, 80 
Valvc-in-head, 82 
Varieties, 80 
Vibration, 107, 108 


V-type, 117-119 
Exhaust system 

Description and function, 258, 259 
Manifold, 359, 260 
Muffler, 260-262 
Pipe, 260 

Explosive mixture, 214 
Fan 

In air cooling, 202 
For liquid cooling, 205 
Service, 209 
Fan belt 

Function, 203, 205 
Service, 209 
Fifth wheel 
Semi-trailer, 70, 71 
Steering, 21 
Filter 
Air, 255 
Fuel, 250 
Oil, 363 
Final drive 

Construction and function, 181 
Military vehicles, 194-198 
Fire Point, 358 

Firing Order, 108, 109, 115-119 
Service, 119, 120 
Flash point, 358 
Floating power, 104 
Flooding, of the Engine, 240 
Fluid flywheel, 142, 143 
Flywheel 
Balance, 106, 108 
Function of, 92 
Ring gear, 136, 303, 304, 305 
Force 

Driven, 14(7, 148 
Driving, 147, 148 
On frame, 8, 9 
Four-stroke-cycle, 76-79 
Frame 

As a beam, 9 
Construction, 11 
Forces aeting on, 8, 9 
Function of, 8 
Military vehicle, 30, 31 
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Service, 34 
Unit with body, 12 
Free-wheeling unit, 166, 168 
Frequency, Spring, 13 
Friction, 351, 35a 
In clutch facing, 139, 140 
Fuel, 314-283 
Diesel, 221, 222 
Gage, 251-253 
Pump, 248-250 
Fuel-feed system 
Air pressure, 251 
Function of, 248 
Gravity, 251 

Pump pressure, 248-250 
Repair of, 253-255 
Vacuum, 251 
Fuel Strainer, 250 
Full Trailer, 72 

Gage 

Compression, 125, 127, 128 
Feeler, 335 
Fuel, 251-253 
Gasoline, 251-253 
Oil-level, 362, 363 
Oil pressure, 362 
Gasket, 85, 262 
Gasoline 

Antiknock quality, 220, 221 
Cracked, 216 
Commercial, 217 
Energy in, 218 
Gage, 251-253 
Gum in, 220 
Ideal requirements, 218 
Natural, 215 
Octane rating, 220, 221 
Operating economy, 219 
Polymer and alkylate, 217 
Production of, 215 
Reformed, 216, 217 
Straight run, 215, 216 
Substitutes, 222, 223 
Sulphur in, 219, 220 
Tank, 248 
Volatility, 218, 219 


Gears 

Adjustments, 35, 188-1 go 
Bevel, 151 

Classification of, 149-153 
Driven, 149, 150 
Driving, 149, 150 
Helical, 151 
Helical-bevel, 151 
Herringbone, 151 
Hypoid, 152, 181 
Idler, 149, 150 
In transmission, 157, 160 
Internal, 149, 150 
Lubricants, 355, 356 
Pinion, 151, 181, 303, 304, 305 
Plain, 150 

Ratio, Explanation of, 147-149 
Ring, 136, 151, 181, 304 
Spiral, 150, 151 
Spur, 150 
Steering, 23-26 

Cam-and-double lever, 25 
Worm and ball bearing nut, 25, 
26 

Worm and roller, 22-24 
Worm and sector, 24, 25 
Timing, 96, 97, 103 
Transmission, 155-1 Go 
Used as a brake, 370 
Worm, 151, 152 
Generator 

Adjustment, 322-323 
Armature, 295, 309, 310 
Commutator, 294, 295, 310, 322 
Control 

Third brush, 313-316 
Vibrating current and voltage 
regulator, 319, 320 
Vibrating current regulator, 318- 
32° 

Vibrating voltage regulator, 316- 
318 

Wattage regulator, 320 
Cut-out, 311, 312, 317, 318, 319 
Lubrication, 355, 364, 365 _ 
Operation in an automobile, 309, 
3 10 
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Output, 311-330 
Principle of operation, 293-395 
Regulator, 316-320 
Service, 321-323 
■ Shunt-wound, 310, 311 
Third-brush, 313-316 
Windings, 310, 311 
Governors, 258 

Harmonic Balancer, 107 , 108 
Head, cylinder, 81, 82, 85 
Headlights, Sealed Beam, 340-343 
Overdriving the, 372, 373 
Heat 

Loss in cooling system, 200 
Loss in exhaust, 200 
Mechanical equivalent of, 74 
Nature of, 200 
Transmission of, 201 
Helix, Field about a, 27a 
Hill Holders, 51 
Horsepower, 73, 74 
Testing, 79 
Hotchkiss drive, 177 
Hooke's Law, 12 
Hydramatic drive, 168-170 
Hydraulic Brake (see Brake) 
Hydraulic value lifter, g3 
Hydrocarbon, 213 

Hydrometer, for testing storage bat- 
tery, 289 

Hydrodynamic Theory of Lubrica- 
tion, 353, 354 

Hypoid Gears, In final drive, 153, 181 

Ignition System 
Adjustment, 97-101, 329, 330, 335 
Automatic time advance, 330, 332 
Battery, 325-335 
Circuit, 325-327 
Coil, 325, 326 
Condenser in, 328, 334 
Distributor, 326-328 
Function of, 325 
Magneto, 336-338 
Operation of, 325-330 
Points, 327, 328, 334, 335 


Rotor, 328, 329 
Spark plug, 333, 334 
Timing, 97-102, 329, 330, 335 
Vacuum control, 332, 333 
Timing control, 330, 331 
Trouble, 334, 335 
Induced Current 
Generation of, 291, 292 
Rule for direction of, 292 
Induced Voltage, factors deter m i n i n g, 
292 

Induction 
Electro-static, 275 
Magnetic, 267 
Mutual, 296, 297 
Self, 295, 296 

Induction coil, vibrating type, 2g8, 
299 

Inductor Magneto, 337 
Insert 

Bearing, 122 
Valve seat, 94 

Instruments, Dashboard, 347 

Insulator, 275, 279 

Internal Combustion Engine, 73 

Joints 

Servicing, 180 
Slip 

Construction, 179, 180 
Trouble, 180 
Universal 

Design and construction, 177 — 179 
In military vehicles, 197 
Lubrication, 180 
Journal, crankshaft, 90 

Kindling Temperature, 213 
King pin, Inclination, 30 
Knuckle, Steering, 18, 19, 26, 27 

Lever, 147 , 148 
Lighting System 
Adjustment, 342, 343 
Automobile, 338-343 
Blackout lights, 374, 375 
Direction signals,. 346, 347 
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Headlights, 340-343 
Sealed-beam, 340-343 
Troubles, 343, 344 
t Load Distribution, Semi-trailer, 71 
Loading, of a motor vehicle, 371 
Lockout, 238 
Lubricants 
Additives, 355 
API gravity, 358 
ASTM specifications, 358 
Chassis, 355, 356 
Classified, 354-356 
Diesel, 355 
Engine, 354, 355 
Extreme pressure grease, 35S 
Gear 

Function of, 355, 356 
Rating of, 358, 359 
Grease, 356 
Hypoid, 355, 356 
NPA numbers, 358 
Properties, 354-359 
Ratings of, 356-359 
Recommendations, 357, 358 
SAE viscosity numbers, 357 
Saybolt universal system, 356, 357 
Tests of, 356-359 

Types, 354-35 6 
Viscosity index, 357 
Lubrication 

Boundary, 353, 354 
Chassis, 365, 366 
Chek-chart, 365 
Cylinder, 354 
Engine, 359-364 
Trouble, 366, 367 
Hydrodynamic theory of, 353, 354 
Need for, 350 
Principles of, 351-353 
Systems, 350, 351 
Engine 

Fuel pressure, 359, 360 
Partial pressure, 3G0 
Splash, 360, 361 

(Water pump, fan, starter, genera- 
tor and distributor), 364, 365 
(See also Lubricants; Oil) 


Magnet 
Bar, 265, 267 
Description of, 264 
Electro, 272-274 
Horseshoe, 265 
Magnetic 

Field of a motor, 274 
Fields, 265-272 
Induction, 267 
Permeability, 266 
Poles, 264, 267, 268 
Substances, 264, 265 
Whirls, 270, 271, 314, 315 
Magnetism 
Destruction of, 269 
Relation to electricity, 264, 270, 
271, 291, 292 
Theory of, 268, 269 
Magneto 

Armature-wound, 336 
Ignition, 336-338 
Inductor, 337 

Low and high tension, 337 
Timing, 337, 338 
Maintenance, preventive, 369 
Manifold 
Exhaust, 259, 260 
Heat control, 259, 260 
Intake, 256, 257 
Hot spot, 256 

Marks, ignition timing, 329 
Mechanical Advantage, 147 
Of Gears, 149 
Military Vehicle 
Brakes, 51 
Driving, 374, 375 
Final drive, 194-198 
Frame, 30, 31 
Springs, 31 
Steering system, 32 
Tires, 60, 61 
Trucks, 67-69 
Motor 

Series wound, 274 
Starting, 274, 301, 303-305 
Motor Vehicle 
Assemblies, 6 
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Early model, i 
History of, 1-5 
Operating controls, 64 
Operation of, 5 
Muffler, 260-362 

Straight-through, 261 
Service, 262 
Types, 261, 2G2 

National Petroleum Association 
numbers, 358 

Octane Rating, Gasoline, 220 , 221 
Ohm, 277 
Defined, 278 
Ohm’s Law, 278-280 
Oil 

Breather, 364 
Change, 367 
Consumption, 124 
Diesel, 221, 222 
Dilution, 364 
Film, 351, 353, 354 
Filter, 363 
Level gage, 362, 363 
Pan, 104 
Service, 130 
Pressure gage, 362 
Pressure relief valve, 361, 362 
Pump, 361, 362 
Pumping, 124 
Regulating piston rings, 88 
Sump, 359, 360, 361 
Temperature Regulator, 363, 364 
(See also Lubricants; Lubrication) 
Oil System 

Full pressure, 359, 360 
Partial pressure, 360 
Splash, 360, 361 
Operating practice, 370, 371 
Overdrive, 164-166 
Overrunning Clutch 
Drive, 304, 305 
In free-wheeling, 168 
Oxygen, 213, 214 


Pancake or horizontal-opposed en- 
gine, 82 , 83 
Pascal’s Principle, 41 
Piston 
Bushing, 89 
Clearance, 85, 86 
Coating, 87, 88 
Construction, 86, 87 
Heat treatment, 86, 87 
In Hydraulic Brake (See Brake) 
Operation, 97-101 
Repair, 124 
Rock of, 101 
Slap, 124 
Wear, 122-124 
Piston Pin, 89 
Bushing, 89 
Construction, 89 
Floating Pin, 89 
Repair, 123 
Wear, 123 
Piston Rings 
Blowby, 364 
Construction, 88, 89 
Installation, 125 
Lubricant additives, 355 
Repair, 124, 125 
Sticking, 220 
Testing, 125 
Planetary Gears 

In hydramatic drive, 168-170 
In overdrive, 164-166 
Petroleum, 215 
Physical change, 213 
Points, ignition, 327, 328, 334, 335 
Polarity, of an electro-magnet, 271' 
272 

Pour point, -358 
Power 

Balance chart, 112, 113 
Defined, 73 
Examples of, 73, 74 
Overlap, 109, 110 
Plant, Subdivisions, 7 
Take-off, 172 
Train 

Function of, 133 
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Components, 133 
Preventive Maintenance, 369 
Pressure oil feed, 359, 360 
gage, 362 

relief valve, 361, 362 
Propeller shaft 

Function and construction, 177 
Service, 180 
Protective Devices, 346 
Pump 
Fuel 

Electrical, 250 
Mechanical, 248-250 
Oil, 361, 362 
Repair, 366 

Vacuum for boosting windshield 
wiper, 250, 254, 255 
Water, 203 

Lubrication, 209 
Service, 209 
Push rod, 93, 94, 95 

Radiator 

Clogged, 205, 209, 210 
Construction, 204, 205 
Hose, 202, 209 
Service, 209-aii 
Shutter, automatic, 206, 207 
Types, 204, 205 
Rear axle, 184-190 
Resistance, 278-280 
Measurement of, 281 
Resonance chamber, 261 
Riding the clutch, 371 
Rims, 57, 58 
Road rules, 373, 374 
Rocker arm, 93, 94 
Roller 

In steering gear, 22-24 
On military vehicle, 31 
Rotor, ignition, 328, 329 
Running gear 
Service, 33-37 
Subdivisions, 7 

SAE Viscosity numbers, 357 
Saybolt universal system, 356, 357 


Sealed-Beam headlights, 340-343 
Sector, in steering gear, 24, 25 
Semi-Trailer 
Construction, 70 
Location of fifth wheel, 70, 71 
Load distribution, 71 
Shackle spring, 14, 15 
Service, 34 
Shafts 

Propeller, 177, 179 
Transmission, 157-160 
Shifter rail, inside transmission, 162 
Shifting mechanism 

Inside transmission, 162, 1C3 
On steering column, 161, 162 
Vacuum operated, 1G3, 164 
Shim, 90, 126 
Shock absorber 
Lubrication, 33 

Operation and construction, 16, 17 
Service, 34 

Sliunt-wound generator, 309, 310, 311 
Signals, direction, 346, 347, 373 
Simple electric cell, 285, 286 
Sleeve valve, 96 

Sliding jaw clutch in transmission, 
157, 160 
Slip joint, 179 
Solenoid 

Magnetic field around a, 272 
Magnetic switch, 306 
Shift, 305 

Switch with relay, 306, 307 
Spark 

Plu g> 333. 334 
Timing, 97-102 
Control, 330, 331 
Vacuum control, 332, 333 
Specific gravity 

Of electrolyte, 289, 290 
Of oil, 358 

Speed, camshaft and crankshaft, 97 
Spindle, steering, 17, 18, 26, 27 
Splash oil system, 3G0, 361 
Spring 

Auxiliary, 19, 20 
Clutch, 140, 14.1 
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Coil in rear suspension, 16 
Elasticity, 12 
Frequency, 13 
Inserts, 15 
Leaf, 13 
Lubrication, 33 
Military vehicle, 31 
Rate, 12, 13 
Service, 33, 34 
Shackle, 14, 15 
Shapes, 14 
Stabilizing, 104 
Transverse leaf, 16 
Use in suspension system, 13, 14 
Valve, 93, 94 
Variable load, 19, 20 
Variable-rate, 15 
(see also suspension system) 
Stability of a vehicle, g 
Stabilizer, 16, 20 
Starting motor 

Armature winding, 303 
Drive 

Bendix, 303, 304 
Overrunning clutch, 304, 305 
Lubrication, 364, 365 
Principles of operation, 274 
Remote controls, 305-309 
Switches, 305-309 
Servicing, 320, 321 
Troubles, 320, 321 
Starting Practice, 369, 370 
Starting Switch, coincidental, 308, 309 
Starting system, operation of, 301, 303 
Static 

Balance, 91 
Electricity, 275 
Steering 

Ackerman system, 22 
Adjustments, 35 
Air, 28, 29, 30 
Arm, 18, 27, 28 
Fifth wheel, si, 7 °> 7 1 
Four wheel, 28 
Gear, 23, 24, 25, 26 
Cam-and-double lever, 25 
Reversibility, 28 


Worm and ball bearing nut, 25, 
26 

Worm and roller, 22-24 
Worm and sector, 24, 25 
Geometry, 21 
Knuckle, 18, 26, 27 
Linkage 
Center, 22, 23 
Conventional, 26, 27 
Cross, 27 
Relay, 27 
Ratio, 28 

Spindle, 17, 18, 26, 27 
Troubles, 36, 37 
Steering System 
Function of, 22 
Military vehicles, 32 
Service, 35, 36 
Turning radius, 28 
Stopping distances, 372, 373 
Storage Battery 
Care, 290, 291 

Charging, 285, 288-290, 314, 319, 
320 

Construction, 286, 287 
Chemical action, 288, 28g 
Description of, 286-291 
Electrolyte, 286, 288-290 
Freezing point, 290 
Plates, 286, 287 
Rating, 287, 288 
Separators, 286, 287 
Testing 

Discharge, 290, 291 
Hydrometer, 289, 290 
Voltage, 277, 282, 287, 288 
Wear, 290 
Strainer, fuel, 250 
Stroke 

Compression, 75-78 
Exhaust, 75-79 
Intake or suction, 75—78 
Power, 75-78 
Sump, oil, 360, 361 
Suspension 
Bogie axle, 20 
Front, 17, 18, 19 
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Heavy vehicle, 19, 20 
Independent front wheel, 18, 19 
Lubrication, 32 
Rear-end, 13-17 
Rigid-axle front wheel, 17 
(See also Spring) 

Supercharger, 257, 258 
Sway bars, 16, 21 
Switch, solenoid magnetic, 306 
Synchrograph, 335 

Synchonizing mechanism, transmis- 
sion, 157, 160, 161 

Tank, gasoline, 248 
Temperature 

Regulator, oil, 363, 364. 

Scales, 200 

(See also Thermostat) 

Tetraethyl lead in gasoline, 221 
Thermostat 

In automatic choke, 237, 238 
In liquid cooling system, 205, 206 
Third-brush generator, 313-316 
Three-quarter trailer, 71 
Tie bar, 18 
Timing 

Chain, 97, 103 
Gear, g6, 97, 103 
Ignition, 97-102, 329, 330-333 
Marks, 329 

Spark, 97-102, 329, 330-333 
Valve, 97-102 

Of different cars, 102 

Tire 

Chains, 61, 62 
Classification, 58 

Construction of balloon type, 58-60 
Importance of pressure, 61 
Military, 6o, 6i 
Pneumatic, 58, 59 
Trouble and repair, 62 
Toe-in, 30 
Tongue, towing, 72 
Torque 

Converter, 170 
Reaction, 108 
Rods, 20, 2i 


Tube drive, 16, 177 
Wrench, 130 

Traction and grade ability of military 
vehicles, 194, 195 
Tractor for semi-trailer, 70 
Trailer classification, 70 
Transfer case, 172, 195, 196 
Transmission 
Adjustment, 173, 174 
Auxiliary, 172 
Automatic, 168, 170 
Constant mesh second gear, 157 
Construction and design, 157, 158 
Gears, 158-160 
Hydramatic, 168-170 
Hydraulic, 168-170 
Lubrication, 172, 173 
Progressive, 155 , 

Purpose of, 155 
Selective, 155-160 
Semi-automatic, 170, 171 
Service, 173, 174 
Shafts 

Clutch, 157, 158 
Counter, 157, 158 
Main, 157, 158 
Shifting mechanism, 161-164 
Synchromesh, 157, 160 
Torque converter, 170 
Truck 

Cab-over-enginc, 83 
Military, 67, 68, 69 
Tube, inner of tire, 60 
Turning radius, steering system, 28 

Underdrive, semi-automatic trans- 
mission, 170 , 171 

Universal joint, 177, 178, 195, 196, 197 
Unloader, carburetor, 240 

Vacuum 

Control of ignition timing, 332, 333 
Gearshift, 163, 164 
Switch with relay and solenoid con- 
trol, 307, 308 

Valve 

Adjustment, 127 
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Voltage 

Regulator, vibrating, 316-318, 319, 
330 

Relationship of induction coil, 200 
Voltmeter, 281, 291, 320 


Clearance, 93, 103, 128 
Face, 92, 93 
Grinding, 128 
Hydraulic lifter, 93 
Lifter, 93, 94, 95 
Mechanism, 93, 94 
Repair, 127, 128 
Operation, 92-96 
Overhead, 93 
Poppet, 92, 93 
Piston in engine, 82 
Pressure relief, 362 
Seat insert, 94 
Sleeve type, 96 
Tappet, 95 
Timing, 97-102 
Adjustment, 102-103 
Of different cars, 102 
Vapor lock, 219 
Ventilation 
Crankcase, 364 
Passenger car, 64 
VenLuri tube in carburetor, 227 
Vibration 

Crankshaft, 107, 108 
Damper, 107, 329 
Engine, 107, 108 
Four-cylinder engine, 113-115 
Torsional, 106, 107 
Vibrator, simple, 297, 298 
Viscosity 
Index, 357 
Of oil, 356-358 
Volt, 277, 303 
Defined, 278 


Water 
Jacket, 203 
Pump, 203 

Wattage Regulator, 320 
Watts, 320, 340 
Wheel 

Alignment (shimmy, tramp, wan- 
der). 30, 35-37 
Assembly, 55 

Bearing, 52, 193 
Brake cylinder, 44, 45, 48 
Dual, 56, 57 
Lubrication, 32, 33 
Types, 55, 56 

Wheel and axle, 90, 148, 149 
Wheel balance, 30 
Windshield 

Booster for wiper, 250, 254, 255 
Passenger, 64 
Wiring 

Automotive system, 344 
Color code, 345, 346 
Work 
Defined, 73 
Examples of, 73, 74 
Worm gears, 151, 152 
in steering gear, 22-26 
Wristpin, 89 



